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uleg of Philoſophizing, s they, 2 
been eliyered b oy Sir IS AA NEWTON, ,, ; 
| is: Method 0 Philoſophizing i is thy Jaid | 
. down LIAN Optichs*, „ 
„ athem — 15 1 ee bilg- ; 1 
: e Pep e inveſtigation: of difficult things 9 
by way of Analy/is, ought ever to precede 
cc 


the method of compaſition. | This;Analy/is 25 
« conſiſts in making experiments and obſer- 
E vations, and in drawing general concluſions 
from them by induction, and admitting of 
c no objections againſt the concluſions, but 
4 ſuch Ware taken from experiments or other is 
* certain; traths. And although the arguing 
from experiments and obſervations by in- 1 
* dudtion be no demonſtration of general 1 
e conelufions; yet it is the beſt way of ar- iq 
cc guing which the nature of things admits =— 
of; and may be looked upon as ſo much 
* the {tron ger, by how much the: Jum 
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ce js more general, And if ** exception de- 


« cur from Phenomena, the coneluſion may 
ce he PN hounged/ generally] Fut i at any 
rwards, any excepti 


7 nounced with ſuch'exceptions as ſhall occur. 


“% By this "WAY" of 10 , we may W dem 85 
&@ frotn'compounds;forhgredi ts; and from 5 


Womo to 2 515 


and from particular cauſes to more general 
irgument ends in the moſt 


general. This is the method of 4 e 
dc the Syntheſis 5 in afl tin . 5 
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60 % explaming' Meir Phenomena. e ere | 
c Thus Philo day; nature: does n 


60 «- thing i in vain; and in; vain that is done * : 
ee more cauſes, which can be done by fewer. 
“ For nature is fimple, and . tot: in 5 
; 67 os ro on wenn of things”... ra % b 
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ions ſhall occur 
c“ from experiments, it may then be pro- 


| 2 Ang in general from effects! 0 * — ; 
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« Of "natural Meets therefore. af the ſame 
%, Hind the ſame cauſes are Yabe ahnen, as far. 


e 11 cum be done. EE 

s As off reſpiration in a man and ; iy, a 
. beaſt; of: the deſcent of ſtones in Eurtpe 
| a; of light in culinary - 
c and! in this ſun; 'off the Teflexion of 15 55 
6: the earth and in the e rot i by 


RULE III. 


«TW 10 e e Wt te 
4 increg ed and diminiſhed, and which. agree- 
& 10 all bodies in which experiments can be 
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2 [ = Rope are io be reckoned. ah © ran * all 


6c: bodies whatſoever. 61 57 | 
% For the qualities of packen are Ie known 


« but. by experiments; and therefore, as ma- 


e ny are to be reckoned general as generally 
& agree with experiments, and thoſe which 
«cannot be | diminiſhed cannot be taken 
c away. Certainly dreams are not to he de- 
“ viſed at pleaſure contrary to the tenor of, 
« experiments; nor mult. we depart from the 
« analogy of nature, ſince ſhe is wont to be 


* Am ple, and always conſonant. to herſelf... 


&. The extenſion of bodies is not known but 
c by the ſenſes, nor is it perceived in all bo- 
« dies: but becauſe it a rees to all. bodies 
« which are pexceivable/M: is affirmed of all 


& Mae's. = 96 We experience many bodies 
to be Jaxd: But the hardneſs of the whole 
e * 


* 
* 
2 - 
. . ˙ TS 


_ * — r ny 4. 1 4 * © 42" — — * 4 


* -—_ , 
ogy — — 27 OO I IN ey 
* 


= K E. F A C E 


c. ariſes from the 1 of the parts, and | 


« thence. with good reaſon we conclude the 


4 undivided. parts not only of thoſe bodies 


“ which are perceived, but an of all others, 

Ce 10. be hard. We r reach ie s.to be 
impenetrable, not 

3 8 find the bodies we handle. to be im- 


« penetrable, thence n impene - 
7 e to be 2 5 roperty of a all bodies what- 
« ſoever. That all bodies are moveable, and 


«« by certain forces (which I call vires iner- 
« tiæ) perſevere in motion or feſt, we gather 
«from theſe ſame properties in bodies which 
« are ſeen. Extenſion, hardneſs; impenetra- 
« bility, mobility, and vis. inertiæ of the 


ce whole, ariſe from the extenſion, hardneſs, | 


« impenetrability, mobility, and vis inertiæ 


c of the parts; and thence we conelude that 


all the leaſt parts of all bodies are extend- 


cc ed, and hard, and impenetrable, and move- 


cc able, and endued with vires inertia. And 
& this is the foundation of all Philoſophy. 
<« Farther we know from the Piænomena, that 
« the parts of bodies which are Aided 
« and mutually contiguous to one another, 


« may be ſeparated from one another; and it 


« is certain from mathematicks, that the un- 
e divided parts may by reaſon be diftin- 

« guiſhed into leſs parts. But whether thoſe 
« parts diſtin, and not yet divided, can 
« by the powers nature be divided and 
ce ſeparated from one another, is uncertain. 


But if it ſhould appear, even by one ſingle 


experiment, that by breaking a hard and 


« ſolid 


reaſon, but *. Tenſe, 
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* ſolid body, any undixvided particle,;fuffered 
„ diviſien; we might eonclude by the 
« force of this Rule, that not only the di- 


ce yided parts were ſeparable, but that the un- 


divided parts might be divided in inflhitun,. 


. Tal, If it be univerſally evident by 
< experiments and aſtronomical ohſervations, 
ee that all bodies round the earth.gravitate 


towards the earth, and that in proportion 


< to the quantity of matter in each, and that 
ce the moon gravitates towards the earth in 


e proportion to ĩts quantity of matter, and in 


& like manner our ſea gravitates towards the 


„ moon, and that all the planets mutually _ 


“ gravitate towards one another, and that 
<« there is a ſimilar gravity of comets to- 


c wards the ſun; we muſt pronounce by 


ce this Rule, that all bodies gravitate mutu- 
cc ally towards one another. For the argu- 


© ment from the Phenomena will be ſtronger 
c for an univerſal gravity, than for the impe- 
“ netrability of bodies, concerning which in 
the heavenly bodies we have no experiment, 


ce no obſervation at all.” 
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In experimental Philoſophy propoſitions 


ce. collefted N m the Phanomena by induction 


« are to be deemed, notwith/tanding e | 
44 


_ «© Hypotheſes, eiter accurately or very near 


« true, till other Phænomena occur, by which 
« they may be rendered either” more accurate 
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dered that there have been men in all 


defore the laſt century. 
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14 0 


nature entertaining and delightful, ' and 

2 e withal conducive in many inſtantes' to the 
caſe and convenience of life; it is not to be Won- 
| who 
have laid themſelves out in the improvement 'and 
cultivation of it. 
furprize to think how inconſiderable a progreſs the 
knowledge” of nature had made in former ages, 
when compared with the valt improvements it 


has received from the 'numberleſs diſcoveries of la- 
ter times; inſomuch, that ſome of the branches 
of natural philoſophy, which at this day is almoſt 


compleat in all its parts, were utterly unknown 
If we look into the rea- 
ſon of this, we ſhall find it to be chiefly owing to 
the wrong meaſures that were taken by philoſo- 

hers of former ages in their purſuits after natural 

o wledge; for they diſregarding experiments, the 
only ſure foundation whereon to build a rational 
chilolop oply, buſied' themſelves in framing hypo- 
theſes, for the ſolution of natural - appearances, 
which as they were creatures of the brain, 'without 


any foundation in nature, were generally ſpeak- 
ing fo lame and defective, as in many caſes not to 


anſwer thoſe very phznomena for whoſe ſakes they 
had been contrived. Whereas the philoſophers of 
later times, laying aſide all thoſe falſe lights, as being 


f no other uſe than to o miſguide the underſtanding 


in 


n 


But it is a matter of no ſmall 


8 ; Natural Philoſophy is a ſcience: in its own Laer. 
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W in 155 18 ber into nature, e 15 | 5 
. 1 experiments and obſervations; and from thence, + 
collected the general powers and laws of nature; a 
fe 

bi 

Pẽ 


which with a proper application; and the aſſiſtance 

of mathematical learning, enable them to account 
ſor moſt of the properties and operations of bodies; 
and to ſolve many difficulties in the natural ap- 
pearances, which were utterly inexplicable on the 5 
boot of hypotheſes. By this means has natural phi- . 
| loſophy within the compaſs of one century been b. 
ht out of the greateſt darkneſs and obſcurity | ** 
into the cleareſt light; and this has been chiefly 

._ -__ owing to the unparalleled abilities, and indefatiga-. 
dle induſtry of that great and accurate philoſopher. or 
Sir Isaac NzwTon; who to his great honour has 
in his principles of natural philoſophy, and his in- [ 
comparable treatiſe of light and colours, cleared Pl 
more difficulties, and dilcloſed more and more im- 
Portant truths relating to nature, than are to be met 
with in the voluminous writings of all that went RY 
before him. To illuſtrate ſome of theſe truths by | 
experiments is the deſign of this courſe, which con- * 
fiſts of four parts. In the firſt are confidered ſolid |. >: 


bodies and their properties. In the ſecond water * 
and watery fluids. In the third the elaſtic fluid of 55 
air. 9 5 in the laſt the ſubtile fluid of light. But Fit 


before I proceed to theſe particulars, it will be ne- , ng 
ceffary | to ſay ſomething concerning certain prin- abe 
ciples, forces, or powers, wherewith all parts WL 
matter of what kind ſoever, ſo far 'as experience | Pre 
reaches, ſeem to be endued; and whereby they act 
upon one another for producing a great PTA of bas E 
hrnomena of nature. - gla 
Such is firſt that power whereby the minute par- | 
ticles of matter do in ſome circumſtances tend to. 
wards. one another, which is commonly called at- aſce 
tration; the cauſe whereof 1 is in a great meafure | ** 
unknown, tho' the thing itſelf is manifeſt from ex- furl 
Exp. 1. periments. For if two — plates of braſs be com 
laid 21 
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er 


the removal of che outward air PR 
by reaſon of its elaſticity ; and thereby force the 
plates aſunder. 


bg es which Ye next above the ſurface of the Was, 


id 


o ATTRACTION. 


Id one upon another, having, their contiguous: fides Leer... 
ſmeared with oil, they will cohere in Lace, L 
th” ſuch "firmneſs, that-when they are  Tulpe 

the force of; gravity” in the lower p late wil LY 
ſuffice to ſeparate and pull them aſunde. 
That the coheſion ＋ theſe plates is to be altri 
buted to the mutual attractions gf their contiguous 
parts, cannot I think admit of a doubt, ſince the 
preſſure of the outer air on their external fut- 
Rees, (to whole force this effect might gtherwiſe 
have been attributed) is in this caſe taken off. e 
The uſe of the oil is to fill up the minute cavi- 


tits in the ſurfaces, and by ſo. doin 8 to prevent the 


lodgment of air between the pla 4d which upon pon. 
expand ith 


The ones 0 dd a atroclion 1e in nie manner 


| collected from the following experiments. 


I two plane poliſhed plates of glaſs be laid togs- Eap. 2. 


ther, ſo that their ſides be parallel, and at a 

; ſmall diſtance from one another; and their lower 
edges be dipped in water; the water will riſe up 
between them, and the leſs the diſtance of the 


glaſſes is, the greater will the height be to Which 


the water riſes. If the diſtance be about the hun- 


dredth part of an inch, it will riſe to che height of 


about an inch; and if the diſtance be greater or le 
in any 1 proportion, the height will be e 
proportional to the diſtanee dery nearly. 


e reaſon why the water aſcends. between 0 the 
plates is, that thoſe parts of the ſurfaces 15 the 
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lee as mach e 5 the 5 of its own 
* , 


94 
2 


nded, — 


* 


4 


N 


| Laer. 


or ATTRINGTION. 
gravity, adit dath ue by the arabian of the 


glafles. : ths 7 


_— 'Thereaſon why thus 8 igen 10 heights which 


are inverſly as the diſtances of the glaſſes, is this: 
the abſolute attractive force of the glaſſes, whereby 
the water is raiſed, eontinues unvaried whatever be 
the diſtance of the glaſſes for the height and length 
of the glaſs ſurfaces, whoſe attractions influence the 


aſcent, of the water, are always the ſame, and con- 
ſequently the attractive force muſt be ſo too; and 


for that reaſon will conſtantly, ſupport the ſame 
weight of water; but the quantity and conſequently 
the weight of the elevated water will always be the 


lame, 'if its height be reciprocally as its baſe, that 
is, in this caſe, as the diſtance of the plates; for the 


length of the baſe being equal to the length of 
the plates, it continues unvaried; and therefore the 
baſe will ever be as its breadth, that i is, as the 1 in- | 
terval between the plates. 


"Exp: 3 If dhe glaſs plates inſtead of being ſet a © 


Fig. 1. 


one another, be made to meet at one of their ends, 
and kept at a little diſtance at the other; and their 


lower edges be then dipped in water, ſpirit of 


wine or any other convenient liquor; the inward 
ſides of the plates being firſt moiſtened with a 
clean eloth dipped in the liquor; the liquor will 
riſe between the plates; and the upper ſurface of 
tlie elevated liquor will form a curve, the heights of 
wboſe ſeveral points above the ſurface of the ſtag- 


nating liquor will be to one another reciprocaliy as 
their perpendicular diſtances from the concourſe of 


the plates. For the illuſtration of which, let A E be 
the ſurface of the ſtagnating liquor wherein the lower 


edges of the plates are immerſed, A H the concourſe 


of the plates, and F, G, I, K, L the curve formed 


| | | by the ſurface of the elevated liquor; from any 


points in the curve as G, I, K, L taken at pleaſure, 


let fall the right lines G B. 1 G,K-D, I. E perpen 


: er to AE, and thoſe lines will. pg the 


heights 


8 — the refpeRtive- phints:of. che curapabore 


_ concourſe! are to one another directiy 
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the ſurface of the ſtagnant liquor; whilſt A BA 
Ab, AE denote the perpendicular diſtances. of — 
9 fucks os from'the-concourſe of the glaſſeaʒ now 

theſe h in and diftances-fre to one another in a 


- | recip proportion: / fon if we ſuppoſe: the lines 


GB, KD, LE tobe fo many pillars of liquor 
| eon of four ſides, two of which are terminat- 
ed by the plates, and» the other two by the conti- 

guous. liquor; and if thoſe ſides which Hye next the 
89 plates be of an equal but-exceedingly..ſmall breadth 
in all the pillars, vo will the attracting ſurfaces of 
the plates which ſupport thoſe pillars be Jikewiſe 
equal, and -conſequemtly the quantities; ſupported, 
that is, the pillars muſt be ſo too. But in order to 
have them equal, their heights muſt he reaiptocally 
proportional to their baſes; which baſes ĩnaſmuc 
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as they are ſuppoſed to be equally broad muſt be 


as their lengths, that is, as the intervals between 
4 is glaſſes in thoſe parts where the pillars are taken; 
and therefore the heights of the pillars muſt be re- 
_ ciprocally as the intervals between the plates; but 

An the nature of ſimilar triangles the intervals 
between the glaſſes at different diſtances; from the 
as thoſe diſ- 
tances; hence it follows, that the height of the 
pillars are to one another Vas their re- 
| e: diſtances fromm the — the plates; 
that is, if G B'be -doubleiof IC, An is A Gdouble 
E -n' tis antes a 10 


From what bas been faid it is a oi that the 


5 e formed by the upper ſurface of the elevated | 


liquor muſt be an hyperbola; for from the nature 

ol the hyperbola the external ordinates are recipro- 
cCully as the abſciſſæz iwherefore if A B, A C, AD, 
AE be taken for the abſciſſæ; then will BG, CI, 
DK, EL, be the reſpective ordinates; and conſe- 


; quently the curve. which paſſes re _ NO | 


1912 5 K, L. is anibypegbola, 15 4 
2 
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As the water or any other proper fluid aſcends be · 
tween poliſhed plates of glaſ by the force of their 
attractions; ſo does it likewiſe in flender pi pipes of gl 
open at both ends; for-if:fuch tubes be di 


one end into water, ſpirit of wine, 2 


convenient fluid. = liquor will riſe within the pipes 
to a conſiderable height, and this experiment (as 
alſo thoſe before made) — in a very fame 
manner in vabuo, as in the open air, for the liquor | 
conſtantly aſcends to the ſame height in both. 

That the aſcent my theſe ſmall tubes, 
as alſo between polithed plates 1 is to — at- 


tributed to ſome power in the glaſs 
on the liquor, and not to the preſſure — = the 


ſtagnating liquor or incumbent atmoſphere, is evi»: 
dent from this conſideration; that as much of the 


liquor remains ſuſpended in the' pipes, and between 


the plates, when they are lifted out of the ſtagnat- 
ing fluid: either in wacuo.or the open air, as was 


elevated above the ſurface of the fluid, while they 


were immerſed therein: and therefore whatever cauſe 
concurred! to the elevating: of the liquor while the 
plates and pipes were therein immerſed, and æxpoſed 


to the air; che ſame contributes as powerfully to keep 
Tt up}ovhea | the ſtagnating liquor is removed; and 


the preſſrẽ of the atmoſphere taken off, and conſe- 


quentij muſt he ſome power inherent in the glaſs. 


The heights: to which ther liquor riſes in ſlender 


pipes are to one another reciprocally as the diame- 


ters. For the power which raiſes the liquor in a ſlen- 


der pipe, being the attractire force of that party only 


of the internal concaver ſurface which lies next 


above the liquor, and conſtitutes a ring of an inde- 


finitely: ſmall height, which height i is ever the ſame 
whatever be the diameter of the ring, becauſe the 
diſtance to which the attractive force of i glaſs 


reaches his unvaried, and the attractive force of fuch 


an annular ſurface being as the number of attracting 


parts whereof it is * that 1 is, as the ſurface, 
which 
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Whickr beeauſe its height is given is as the,petiphe: 
ry, that is, as the diameter, che attractive force of 


the pipe muſt be às the diĩameter- Wherefore if in 


r 
| 


comparing the forces of two ſuch pipes we make 


F-to denote the attractive force of the larger andif 


the attractive force of the ſmaller, and alſo D and 
dito denote their diameters; we ſhall have this ana- 


logy, viz. F f:: Ded, that is, the force of the 


larger pipe is to that of the Imaller as the diame- 


ter of thè larger to the diameter of the ſmaller: 
but theſe forces are likewiſe to on another in the 
ſame ratio with the quantities of liquor which they 


keep ſuſpended; for they continue to elevate the li- 


uor till ſuch time as the weights, and conſequently 
the quantities of liquor drawn up, become a balance 


to the attracting forces. Wherefore if H be put 


for the height of the liquor in the pipe, whoſe dia- 


meter is D, and h for its height in the pipe whoſe 


diameter is d; then will H multiplied into the ſquare 


of D be as the quantity of liquor in the larger pipe; 


and h multiplied into the ſquare of d as che qua 


tity of liquor in the ſmaller pipe; whence we have 


this ſecond analogy F: f:: HX D': h x d* ; and 
by ſubſtituting P and d in the room of F and f, 


to which they are e uri  APPORIK from ? 


the firſt nay gy; we ſhall have D: d:: HO: hd? ; 


and then multiplying extremes and means, and | 


throwing off ſimilar quantities, we ſhall have 
HD hd, and by reſolving this equation into an 


analogy, we ſhall have H: hi: : d: D, that is, tbe 
height to which the liquor riſes in the larger pipe is 


to the height to which it riſes in the ſmaller, as 


the diameter of the ſmaller pipe to that of the larger; "A 
ſo that the heights of the liquor are reciprpcally - 


proportional to the diameters of the pipes. 


By. virtue of this attractive force, owns ſmall 5 


pipes are indued, plants receive nouriſhment; from 


the earth: the flender tubes whereof their aer. 


een * in 9 juices abt: o 
their 
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0 A their different natures and conſtitutions, From the 
fame attractive force it is that ſponges. take in wa- 
ter; and that water. aſcends in loaf ſugar, when 
part of it is dipped therein; thoſe parts of the 
ſugar which lie next above the water attracting, 
and thereby raiſing the ſame. And here it muſt 
be obſerved that the water riſes by the action of 
thoſe particles alone which are contiguous to, and 
lie next above the ſurface of the py. ng water; 
thoſe particles which are at any the leaſt ſenfible 
diſtance above the water being too far removed to 
influence the water by their attractions: and what 
has been thus obſerved of ſugar, is likewiſe true of 
plates, ſlender pipes, and every other at- 
tracing body, by virtue of whoſe attractions fluids 
are raiſed. For if thoſe parts of attracting ſur- 
faces which are at any ſenſible diſtance above the 
ſurfare of the fluid, do in any meaſure contribute 
to the aſcent; it is evident that the fluid cæteris pa- > 
bus muſt riſe to a greater height when the attract- | 
ing ſurfaces are continued to a conſiderable height 
above the elevated fluid, than when they terminate 
at a very little diſtance above the fame. But the 

Exp. 5, contrary appears from experiment. For if two po- 
liſhed plates of glaſs ſet parallel to one another at 
the diſtance of about the hundredth part of an inch, 
be immerſed in water ſo far that only an inch and 4: 
one tenth be ſuffered to remain above the water, 
-the water will riſe up between them to the height 
of about an inch; and if the ſurface of the ſtag- 
nating water be then depreſſed by drawing off 
ſome of the water, the elevated water will likewiſe 
deſcend between the plates ſo as ſtill to preſerve the 
height of about an inch and no more. 

Exp.6, If a poliſhed plate of glaſs be laid parallel to the 
horizon, and another plate of the fame kind be laid 
thereon, ſo as that they may touch at one of their 
ends, and be kept at a very ſmall diſtance at the 


other: being firſt on their inward ſides 
with 


—— ů ——ů —— — — 


r 


3 EC oro el ant — pus 6 ry 2 


O AT TRACTION. 


with a clean cloth or feather dipped in oil of 
oranges; and if a drop of the oil be placed be- 
tween the plates at that end where they are at ſome 
diſtance from each other, ſo as that it may be touch- 
ed by both the plates, it will begin to move to- 
wards the concourſe of the glaſſes, and will continue 
to go on with an accelerated motion till it arrives 
at the concourſe. And if during the motion of the 
drop, that end of the glaſſes where they meet, and 
towards which the drop moves, be lifted up, the 
drop will nevertheleſs continue its motion, and of 
conſequence muſt be attracted; but as the end of 
the glaſſes is raiſed higher and higher, the drop will 
aſcend more and more flowly, till at laſt upon a 
certain elevation of the plates the motion ceaſes, the 
gravity of the drop, wherewith it tends downward, 
becoming equal to the attractive force which draws 


it upward; as appears from this, that upon giving 


the plates the leaſt degree of elevation beyond what 
is neceſſary to ſtop he drop, it ſtraightway begins 
to deſcend, its gravity in that caſe overcoming 
attraction, 13 5 Ae. 

By the help of this phænomenon may the force 
be determined, wherewith the drop is attracted at 


all diſtances from the concourſe of the glaſſes. For 


that part of a body's gravity whereby it is carried 
down an inclined- plane, 1s to its abſolute weight, 


as the fine of the angle of the plane's elevation, to 


the Radius, or as the perpendicular height of the 
plane to the length thereof; and therefore may be 
denoted by the perpendicular height applied to the 
length ; and where the length of the plane is given, 
that force will be every where as the fines of the 
angles of elevation, or the perpendicular altitudes 
of the plane; as ſhall be made appear when I come 
to treat of the deſcent of bodies on inclined planes. 
If therefore the ſines of fuch elevations of the plates 
as are neceſſary to ſtop the motion of the drop, be 


taken at two different diſtances of the drep from 
: B 2 the 
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Lrer. the concourſe of the plates; thoſe ſines will de- 
note the reſpective gravities of the drop, and con- 
— ſequently the attractive forces, where with the plates 
act upon the drop at each of thoſe diſtances. Thus 
for inſtance, if the diſtances of the drop from 
the concourſe of the glaſſes be as one and two; 
and the ſine of the elevation neceſſary to ſtop the 
motion of the drop when at the ſmaller diſtance be 
as four, and when at the greater diſtance as one; the 
ravity of the drop, wherewith it endeavours to de- 
0 end at the forementioned diſtances of one and two, 
; will be as four and one. For the illuſtration of 
Fig. 2. which let AB and AC repreſent the plates at dif- 
ferent elevations; F and G the places where the 
drop ſtands upon thoſe elevations ; then will BD 
da CE denote the forces of gravity. wherewith : 
the drop endeavours to deſcend along the plates in 
the points Fand G, which forces are equal to the 
attractions of the glaſſes in thoſe points; and if - 
BF and CG the diſtances of the drop from the 
concourſe of the plates be as one and two, and 
BD and CE as four and one; then is the at- 
tractive power wherewith the glaſſes act upon the 
drop at F, to the force wherewith they act upon 
it at G, as four to one, that is, reciprocally as the 
ſquares of the diſtances of the drop from the con- 
courſe of the glaſſes; and this is nearly the =_ 
Exp. 6. as will appear from the experiment. 

Though the drop be attraQted'by forces thatare in 
the reciprocal duplicate ratio of the diſtances of 
the drop from the concourſe of the glafſes; yet are 
the attractions within the ſame quantities of attract- 
ing ſurface in the reciprocal ſimple ratio only of 
thoſe diſtances: for as the drop moves towards the 
concourſe of the glaſſes, it muſt ſpread and touch 

each glaſs in a larger ſurface; and this ſpreading is 
always proportional to the leſſening of the interval 

between the glaſſes; and of conſequence from the 

nature of fimilar . it is likewiſe proportional 

to 


\ 
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to the diminution of the diſtance from the concourſe. 
So that the force which acts upon the drop is in- 
creaſed as the drop approaches the concourſe in the 
ſimple reciproeal ratio of the diſtance, on account 
of the enlargement of the attracting ſurface in that 
proportion; and therefore in a given quantity of 
attracting ſurface the force muſt he in the reciprocal 
ſimple ratio of the diſtance from the concourſe; 
that is to ſay, any. given portion: of the glaſs ſur- 
faces taken at the diſtance of one inch from their 
concourſe muſt act with twice the force that it does 
at the diſtange of two inches, and with thrice the 
force that it does at the diſtance of three inches, and 
ſo on. Hence it will be found that the attractive 
force of one and the fame lender pipe of a conical 
figure is given; or in other words, that the at- 
tractive force wherewith a conical pipe is. indued 
at any one diſtance from the vertex of the cone, 
is equal to the attractive force of the ſame at any 
other diſtanee from the vertex; ſo that the at- 
tractive force of a conical pipe is in every part 

equal throughout the whole: length of the pipe, 
and may be expreſſed by the diameter of a eircular 
ſection of the; pipe Aer at any diſtance from the 
vertex, applied to that diſtance. For the attrac- 
tion in any part of ſuch a pipe, is as the quantity 


of attracting ſurface in that part multiplied into 


the abſolute force; but the quantity of attracting 
furface in any part is as the diameter of that part, and 
the abſolute force is reciprocally as the diſtance from 
the vertex; wherefors if A be put to denote the diſtance 
of any part from the vertex and D the diameter, 


= will expreſs the attraction of that part; but from 
the nature of ſimilar triangles the diameters of. the 


circular ſections of à cone taken at different diſ- 
tances from the n, are to one another as the dil, 


fances, conſequently > is a landing quantity. 
Wherefore 
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into ten millions; it is evident from What was 
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| Wherefore ſince the attractive force in every part of 
a conical tube is denoted by a quantity which is in- 
variable, it follows that the force is ſo too; ſo that 
in this reſpect conical pipes do not differ from thoſe 
of ac lindrical form; but herein lies the difference, 
that in very ſlender pipes where the diameters are 


equal, the attractions of fuch as are conical do far 


ſurpaſs the attractions of thoſe wllich are cykndri- 
cal. And indeed ſo exceeding great does this at- 
tractive force become with reſpect to the quantity of 
attracting ſurfaee in that part of a conical; pipe, Where 
the diameter is but one part of an inch divided into 
ten millions (if ſuch minuteneſs may be fapp 
that if the attraction of a cylindrical” tube, whoſe 
diameter is an inch, were as great with” reſpe@ to 
its quantity of attracting ſurface, it would be able 
4 1 a column of water an inch in diameter 
ards of three miles in height.” For let us 
hy a conical tube whoſe baſe is an inch in dia- 


meter to be continued till the diameter is ſo far di- 


miniſhed as to equal only: one part of an inch divided 


now ſaid, that the whole attractive force of ſuch a 


pipe where ies diameter is an inch, is equal to the 


whole attractive foree of the ſame} where the dia- 
meter is but the ten millioneth part ef an inch; con- 
fequently if a portion of the larger attracting ſurface 
be taken equal to the ſmaller attracting ſurface, 

the force 0 that! will be to the force of Ando, as it 
force of the ſmaller furface divided by the number 
of parts in the larger furface, to the force of the 
ſmaller ſurface, *that is, as one divided: by ten mil. 
lions to one. If therefore a conical, or indeed a 
cylindrical tube an inch in diameter (for where the 
diameter is fo large there is ſcarcely any difference) 
was indued with an attractive force as great in pro- 
portion to its quantity of attracking Turface, as is a 
conical tube of the ten millioneth part of an inch in 
diameter, its force would be ten millions of times 


enter 


greater ham it is, and of: conſequence. would raiſe Læcr. 
the water ten millions of times higher than it doth I. 
at preſent: but it has been found by experience 


that in a cylindrieal tube of an inch in diameter, the 
water will riſe to the height of about the fiftieth 
part of an inch, and therefore if the force by which 
it riſes was augmented in the forementioned pro- 
portion, it muſt riſe to the height of two hundred 
thouſand: inches, Which being divided by fixty-three 
thouſand three hundred and ſixty, the number of 
inches in a mile, gives three and à little more in the 
quatimto>s! ol dig mort yiigutdgtg ayuith 516 
The quantities of liquor ſupported by the attrac- 
tions of ſlender conical pipes are to one another, ap 
the diameters of the little cireular ſurfaces ↄf the ele- 
vated liquor, applied to the reſpectiye diſtances. of 
the ſame. circular ſurfaces from the vertices of the 
ſeveral cones whereof the pipes are portions. : For 
it has been proved that the attractive forces of coni- 
cal pipes are as thoſe quantities; and therefore, the 
weights which they ſupport muſt be ſo toq. Hence 
it follows that the leſs the proportion is, which the 
diſtance of the elevated liquor's ſurface from the 
vertex of the cone bears to the diameter of the 
ſame ſurface, or, Which amqunts to the ſame thing, 
the faſter the ſides of the pipe converge, the ſtronger 
is its attractive force, and the greater the quantity of 
liquor which is fupported; 51 who 
The firm union and ſtrang coheſion of the parti- 
..cles of ſolid bodies ſeems to ariſe from this force, 
wherewith: they mutually attract each other; which 
as it appears to be exceeding ſtrong in the imme- 
diate contact of the particles, ſo is it found by ex- 
perience to reach but a very little way beyond the 
ſame with any ſenſible effect. At very ſmall diſ- 
tances indeed it is ſufſieient to raiſe up liquors, as 
alſo to produce the many odd and furprizing appear- 
ances which are to met with in chymical opera- 
tions, and which without the aſſiſtance of this and 
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ſome other principles, which I ſhall hereafter have 
occaſion to mention, are utterly inexplicable. For 
want of a due knowledge of theſe powers chymiſts 
have fallen into groſs miſtakes and abſurdities in 
their reaſonings. Thus, for inſtance, ſome who were 


unacquainted with the principle of attraction, have 


attempted to give a reaſon for the floating of the 
minute particles of ſolid bodies in menſtruums ſpe; 


cifically lighter than themſelves; by ſaying that there 


is an inteſtine motion in the parts of the menſtruums, 
by virtue whereof the: particles of the ſolid bodies 


are driven perpetually from place to place, and by 


that means are kept from falling: not conſidering 
that Sir IAA NwWẽTrON has demonſtrated” in the 


nineteenth propoſition of the ſecond book of his 


Principles, that fluids have not naturally any inteſtine 


motion; but that, ſetting aſide all external cauſes of 


motion, the particles of fluids are as perfectly at reſt 
as thoſe of ſolid bodies. There is indeed during the 
time of the ſolution a conſiderable motion; but as 
this is gecaſioned by the mutual attraction between 
the menſtruum and the body, by means of which 


attraction the parts of the fluid are driven with great 
force' between the parts of the ſolid, fo as to ldoſen 


and divide them one from another; as ſoon as the 


ſolütion is over, the motion ceaſes, and all the parts 


are at reſt again, and the particles of the: diffolved 
body are kept ſuſpended by their cloſe adheſion to 
the parts of the menſtruum, and not by any imagi- 
nary motion, wherewith they are toſſed to and fo 


inthe manner of a ſhuttle-cock; and in truth, could 


fiich an inteſtine motion be allowed, as it muſt be 
made in all manner of directions, it would be as 
apt, nay more apt, confidering the conſpiring gra- 
vity of the particles, to precipitate and caſt them 
down, than to raiſe and keep them up. | 
Were it not beſide my preſent purpoſe,” I could 


produce many more inſtances of falſe reaſonings in 


the writings of- chymiſts, occaſioned by their igno- 
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rance of the true principles of nature; ; but as 
chymiſtry is at preſent out of my province, I ſhall 
reſt contented with the ſingle ſlang: which 1 have 
mes | £34 : | 2 
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| Av in my former Lecture proved from 
11 experiments, that there is a power in nature 
whereby the parts of matter, which are brought 
ſo near as to touch, do in ſome circumſtances mu- 


tually attract eachother; I ſhall now treat of Rich 


kinds of attraction as extend themſelves to conſi- 
derable diſtances beyond the point of contact, and 
on that account affect the mind more ſtrongiy, To 
as to convince it 'more fully of the reality of ſuch 
A principle. Of this kind is, Fitſt, that attraction 
which obtains between glaſs and glafs. Secondly, 
that of electricity. Thirdly, the attraction of mag- 
netiſm. And laſtly,” mat of gravity; „ of all which 
in their order. 

And firſt, if a glaſs bubble be ſet to float' on 
water contained in a glaſs veſſel, at a ſmall diſtance 
from the fide of the veſſel, it will from a ſlate-of reſt 
'begin to move towards the ſide of the veſſel; and 
its motion will be continually accelerated, ſo as to 
make it upon its arrival at the ſide of the veſſel to 
ſtrike the ſame with ſome force. | 

Perhaps it may be thought that the motion of the 
bubble Po from ſome declivity in the water to- 
'wards the ſide of the veſſel: but whoever obſerves 
the ſurface of the water will find, that it riſes all about 
the ſides of the glaſs, ſo as to become of a concave 
figure, and for that reaſon may retard, but can b 
no means promote the motion of the bubble; and 
this riſing of the liquor about the ſides of the veſſel 
is to be attributed to the ſame cauſe with the motion 
of the bubble, — the attraction of the glaſs. 
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Lecr. The acceleration obſervable in the bubble's motion 
it. ariſes from two cauſes; the firſt is, the continued 
And uninterrupted action of the attractive force of 
the glaſs; for if we ſuppoſe the time of the bub- 

ble's motion to be divided inta.a number of equal 

parts, as for inſtance ten; and if the attraction of 

the glaſs be ſuppoſed to make equal impreſſions on 

the bubble in each of thoſe parts of time, it is plain 
that whatever be:the motion which is excited in the 
bubble by the impreſſion of attraction in the firſt 
portion of time, the ſame will be doubled in the 
ſecond, tripled in the third, and ſo on continually 
through the ſeveral portions. of time; for the motion 
produced in the firſt portion of time is not loſt, and 
therefore by the addition of as much more in the 

Fecond portion of time it becomes double, and in tbe 

third triple, and ſo on. Nom if inſtead of ten parts 

we ſuppoſe the time of the motion to be divided 

into numberleſs. parts indefinitely ſmall, in each of 
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Which the attraction of the glaſs makes equal im- 


Preſſions o the bubble, as before; the motion will 
be continually accelerated, tho' the attractive force 
ol the glaſs ſhould continue the ſame at all diſtances 
of the bubble; but the attractive force acts more 
ſtrongly the nearer the bubble approaches, on which 
zecount the motion is more and more accelerated 
the nearer the bubble comes to the glaſs. 
By electrical attraction, I mean that kind of at- 
traction which is excited in badies when their. parts 
are heated by friction, and which doth not diſcover 
Itſelf by any ſenſible effect when the bodies are 


cold. Of this ſort are the attractive forces, which 
| gamber, rofin,: ſealing-wax, and indeed moſt ſul- 
| phureous ſubſtances when heated by rubbing, have 
been found to exert towards chaff, feathers, leaf-gold, 
1 lamp black, and many other light ſubſtances. But 
f nass the attraction of theſe bodies have fallen within 
1 the notice of vulgar eyes, I think it needleſs to make 


any experiment for the proof thereof; but . — 
955 | rat er 


faiher to lay before ow! ſome W which 
plainly ſhew this power to obtain in glafs, and that 
to a very notable degree, tho” it has not . of late 
been commonly obſerved. And firſt, 9 5 
7 5005 a cylindrical” tube of flint la de rubbed 


T7 
Lrer. 
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brifkly with brown paper, or woollen cloth till je 


Ra ſome degree of heat, and be then held near 

nall pieces gold or braſs leaf; they will begin 
po move, Hy ſome ef them will * towards the 
tube with great ſwiftneſs, and fix themſelves upon 
it o as to adhere' thereto; being acted upen by the 
attractive force f the glaſs: whilſt others during 
their aſcent towards the tube, will before they can 


reach the ſame, be driven backward with great vio- 


lence, as will Ukewiſe ſome of thoſe which téuch 
the glaſs, being actuated by another force Joy 
different from that of attraction, which I ſhall e 

deavotir to explain to you hereafter, © The hocker 


the tube is made dy rubbing, the farther doth its 


power reach, ſo as in ſome caſes to act r che 
leaf at the diltanee of a foot or more. 


This electrical attraction of glaſs doth in like * 


manner appear from the following experiments. 
I over a globe of glaſs fixed on an axis, whoſe 
Pofitien is horizontal, a parcel of woollen threads 


be ſuſpended from à ſemicirculariwite, ſo as that 


their lower ends may be diſtant an inch or a little 


Exp. 2. 


more from the globe, they will ſuitably to the na- 


ture of all heavy bodies, hang down perpendicular 
to the horizon, and parallel to each other; if then 
the globe be moved pretty briſkly round its axis, 
the threads will {ntvhediatay change their poſition, 
fo as to have their ends bent a little upward, point- 
ing that way towards which the motion tends; the 
rotatory motion of the globe being - communicated 
to the circuifiambient air wherein the threads hang, 
and by means thereof in ſome meaſure to the threads 
themſelves. Let then an hand be applied to the 
lower part of the globe, ſo as to rub the ſame, and 

as 
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The acceleration obſervable in the 'bubble's motion 
. ariſes from two cauſes; the firſt is, the continued 
and uninterrupted action of the attractive force of 
the glaſs; for if we ſuppoſe the time of the bub- 
ble's motion to be divided inta.a number of equal 

„ as for inſtance ten; and if the attraction of 

the glaſs be ſuppoſed to make equal impreſſions on 
the bubble in each of thoſe parts of time, it is plain 


that whatever be the motion which is exeited i in the 


bubble by the impreſſion of attraction in the firſt 


portion of zime, the ſame will be doubled in the 


Jecond, tripled in the third, and ſo on continually 
through the ſeveral portions of time; for the motion 
produced in the firit portion of time is not loſt, and 
therefore by the addition of as much more in the 
ſecond portion of time it becomes double, and in the 
third triple, and ſo on. Now if inſtead of ten parts 
we ſuppoſe he time of the motion to be divided 
into numberigh. parts indefinitely ſmall, in each of 


ns on the bubble; as before; the motion will 
be continually accelerated, tho? the attractiye force 
al the glaſs ſhould continue the ſame at all diſtances 
of the bubble; but the attractive force acts more 
ſtrongly the nearer the hubble approaches, on which 
account the motion is more and more accelerated 
the nearer the bubble comes te the glaſs. 
By electrical attraction, J mean that kind of a- 
traction which is excited in bodies when their parts 
pre heated by friction, and whieh doth not diſcover 
elf by any ſenſible effect when the bodies are 
cold. Of this ſort are the attractive forees, which 
.amber,. rofin,: ſealing-wax, and indeed moſt ſul- 
Phureous ſubſtances when heated by rubbing, have 
been found to exert towards chaff, feathers, leaf gold, 
lamp black, and many other light ſubſtances. -- But 
zag the attraction of theſe bodies have fallen within 
the natice of vulgar eyes, I think it needleſs to make 


27 experiment: for the proof thereof; but chooſe 
rather 
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fulhor' to lay before you ſome experiments which 
plainly ſhew this power to obtain in glaſs, and that 
to a very notable degree, tho” it has not . Rage late 
been commonly obſerved. And firſt, | 

© * 4 cylindrical” tube of flint gloſs. de rubbed 
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with brown paper, or woollen cloth till ie 


e ſome degree of heat, and be then held near 
to fmall pieces of gold or braſs leaf; they will begin 
to move, and ſome ef them will 5 towards Bo 
tube with great ſwiftneſs, and fix tkhemſelves upon 
it o as to adhere' thereto, being acted upon by the 
attractive force of the glaſs: whilſt others during 
their aſeent towards the tube, wilt before they can 
reach the ſame, be driven backward with great vio. 
lence, as will likewiſe ſome of thoſs whieh touch 
the "olaſs being actuated by another force very 
different from it of mites low, which I ſhall e 

deavotir to explain to you hereafter. © The bother 


the tube is made dy rubbing, the farther doth its 


power reach, ſo as in ſome caſes to act r the 
leaf at the diltanee of a foot or more. 


"Pts: cle eien ziecdien of glaſs doth in ie 


manner appear from the following experiments. 
1 over a globe of glaſs fixed on an axis, whoſe 
tion is horizontal, a parcel of woollen threads 


be ſuſpended from à ſemieircular wire, ſo as that 


their lower ends may be diſtant an inch or a little 
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more from the globe, they will ſuitably to the na- 


ture of all heavy bodies, hang down perpendicular 
to the horizon, and parallel to each other; if then 
the globe be ate pn pretty briſkly round its axis, 
the threads will immediately change their poſition, 
fo as to have their ends bent a little upward, point- 
ing that way towards which the motion tends; the 
rotatory motion of the globe being eommunicated 
to the circumambient air wherein the threads hang, 
and by means thereof in ſome meaſure to the threads 
themſelves. Let then an hand be applied to the 
lower part of the globe, ſo as to rub the ſame, and 

as 
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as ſoon as it grows warm from the friction, the 
threads which before were crooked will dart them- 
ſelves out into ſo many ſtrait lines, all pointing to- 
wards the center of the globe; but as ſoon as the 
attrition ceaſes, and the globe cools, they quit this 
direction, and return to their former poſition; 
whence it evidently appears that they are attracted 
by the glaſs, ſince they are made to point towards 
its center, notwithſtanding the contrary directions 
that were given them by the motion of the air and 
the force of gravity. In this and the two following 
experiments there is one remarkable circumſtance, 
which tho” it does not concern the matter in band, 
yet becauſe 1 ſhall have occaſion to have recourſe, 
to it hereafter, I ſhall, to prevent the repetition of 
experiments, take notice of it here. And it is this; 


if while the threads are extended and acted upon by 


the attraction of the globe, a finger be moved to- 
wards the extremity of any of them, they will im- 
mediately recede and fly from the touch, and this 
they will do upon every approach of the finger. 
Ik the axis of the globe inſtead of being parallel 
to the horizon be placed perpendicular thereto, and 


the ſemicircular wire which ſupports the threads be 


in the plane of a circle parallel to the horizon, the 
threads muſt by reaſon of their gravity hang down 
in lines parallel to the axis of the globe, yet as ſoon 
as the motion and attrition are given to the globe as 
before, the threads will begin to raife and extend 
themſelves towards. the center of the globe, and 
appear like ſo many rays conyerging towards that 
center in a plane parallel to the horizon: ſo! that, 


in this caſe the attraRtiye force of the glaſs dogs pot 


only draw the threads out of the parallel poſitiog 


they have to each other, but likewiſe raiſes them 


up in a poſition parallel to the horizon, notwith- 
ſtanding the force of gravity which, is conſtantly. 
acting upon them to carry them down. 


r 
: 
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If the threads; / inſtead of being placed without the 
lobe: be fixed to the axis at the center, and be of 


ſuch à length as to reach within about an inch of 


the ſurface; when the globe is turned round, they 
will bend backward contrary to the direction of the 
motion; becauſe the included air, tho? it does in 
ſome meaſure partake of the rotation of the globe, 
yet dothit not move with equal ſwiftneſs, and for 
that reaſon muſt refiſt the rotation of the threads 
and bend them backward. When the threads are 
in this ſtate, if the attraction of the glaſs be ex- 
cited by attrition as in the two laſt experiments, 
they will ſtraightway extend themſelves towards the 


concave ſurface of the globe, conſtituting as it were 


ſo many rays iſſuing from the center, and We 
mou one another in a regular manner. 

The reaſon why the threads in all theſe experi- 
ments are ſtretched into lines tending either to or 
from the center ↄf the globe, ſeems to be this. 


Whatever be the force wherewith the globe acts on 


the threads, the direction of it muſt be 9 
cular to the ſurface of the globe; conſequently i 
the ſame direction muſt the chreads move; but fr — 
the nature of the globe thoſe and thoſe lines only 
are perpendicular to its ſurface, which either iſſue 
from or tend towards the central point. 

Having ſaid thus much concerning electrical at- 


traction, I now proceed to that of magnetiſm. Many 


and ſurpriſing are the properties both ef the load- 
ſtone and magnetical needle, which however I ſhall 
not here conſider; my intent at preſent being only 


to ſhew from experiment the law of magnetical at- 


traction; or, in other words, to ſhew in what pro- 
portion the attractive power of the loadſtone varies 


according to the different diſtances of the iron which 


it attracts. And in order to this, let a loadſtone 


be ſuſpended at one end of a balance, and counter- 


poiſed by weights at the other; let a flat piece of 
iron be placed beneath it at the diſtance of four 
GE | tenth 
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Lr. tenth parts of an inch, the {tone will immediately 


II. 


deſcend, and adhere to the iron: let the ſtone again 


> be removed to the ſame diſtance, and a weight of 


four gtains and four tenth parts of a grain be thrown 
into the ſcale at the other end of the balance; 
this weight will be an exact counterbalance to the 


attractive force, and prevent the deſcent of the 


ſtene; but if any part of the weight be taken out, 
the attraction will prevail, and carry the ſtone 

down. If the ſtone be placed at half the former 
diſtance, that is to ſay, at the diſtance of two tenth 
parts of an inch above the iron, the weight neceſſary 
to hinder its deſcent will be about ſeventeen grains 
and an half, that is four times as much as before. 
Conſequently, the attractive force of the ſtone at 
the ſingle diſtance from the iron, is to the ſame at 
the double diſtance as four to one, that is recipro 

cally as the ſquares of the diſtances. - "2 
Perhaps it may be objected that Sir Isaac 


| NzwrToN (to whoſe judgment in natural affairs the 
utmoſt regard is due) has ſaid that the power of the 


toadſtone decreaſes nearly in the triplicate ratio of 
the increaſe of the diſtance. But whoever conſiders 
his words in the fifth corollary of the ſixth propo- 
ſition of the third book of his Principles, where he 
mentions this law, will find that he ſpeaks of it with 
diffidence, as a thing which he rather gueſſed at 


from ſome rude obſervations, than collected from 
accurate experiments; for his words are, Et in re- 
reſſu a magnete decreſcit in ratione diftantia non dupli- 


card, fed fere triplicatd, quantum ex craſſis quibuſdam 
obſervationibus animadvertere potui. So that not with 
ſtanding this objection I ſhall venture to affirm 
the law of magnetical attraction to be ſuch as 
makes it act with forces which are in the reciprocal 
duplicate ratio of the diſtance. Becauſe this law is 
deduced from an experiment made with ſufficient 
exactneſs, and which does not ſeem liable to any 
exception. 5 e 00 men 
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On: 4 
... Tho? the principle of gravity, which comes next 
to be treated of, be diffuſed- throughout the folar 
ſyſtem, and may probably be extended fo far as 
to reach the other ſyſtems of the univerſe; yet {hall 
I conſider. it at preſent with reſpect only to the 
globe of earth, which we inhabit ; the parts where- 
of would by reaſon of the diurnal rotation be apt 
to fly aſunder, were they not kept together by the 
influence of this principle; whereby likewile, all 
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bodies on or near the ſurface of the earth are made 


to tend towards its center. This power at equal 

diſtances from the center of the earth is always pro- 
portional to the quantity of matter in the body 
whereon it acts; for all bodies, the light as well as 
heavy, being let fall from the ſame height, deſcend 
with equal foiltneſz provided they meet with no 
reſiſtance from the air, as will appear from the fol- 
lowing experiment. Let a piece of gold and a 


feather be let fall from the top of an exhauſted re- 


ceiver at the ſame inſtant of time, and they will both 
arrive at the bottom at the ſame time very nearly. 
The reaſon why the feather doch not reach the 
bottom quite ſo ſoon as the gold, is, that the re- 
ceiver cannot be perfectly exhauſted, and there- 
fore the ſmall portion of air which remains within, 
though very much rarified, gives. ſome ſmall re- 
ſiſtance to the deſcending bodies, which ſuitably 


Exp. 7. 


to the nature of all reſiſtance muſt retard the lighter 


8 more than the heavier, and conſequently 
cauſe ſome little difference in the times of the 
deſcent, which otherwiſe would be exactly equal. 
This then being the caſe, it evidently follows, 
that the forces 4 whereby bodies deſcend, 

muſt at equal diſtances from the center be as the 
Juantities of matter in the deſcending bodies; 
or if a certain force of gravity be requiſite to car- 
ry down a certain quantity of matter with a cer- 
tain fwiftneſs, then is double the force neceſſary to 
carry down a double quantity of matter 2 


* 
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the ſame ſwiftneſs; and triple the force to carry 
down a triple quantity, and ſo in proportion 
whatever be the quantity of matter: ſo that the 
weights of bodies at equal diſtances from the 
center of the earth are always proportional to 
the quantities of matter which they contain; and 


therefore the quantity of matter in any body may be g 
meaſured by its weight. 


The gravity of a body at any place beneath the 


ſurface of the earth has been proved by Sir I. 
NRW.. to be directly as the diſtance from the cen- 
ter; that is, ſuppoſing the earth's radius to be four 
thouſand miles, a body which on the ſurface of the 


earth weighs a pound, will within the earth ar the 
diſtance of two thouſand miles from the center 


weigh only half a pound, at the diſtance of one 
thouſand miles only a quarter, and ſo on till at the 


center it loſes all its gravity. ; 
It has been likewiſe proved that the beck of gra- 
vity on the ſurface of the earth, and all diſtances 


beyond it, is'in the reciprocal duplicate ratio of 


the diſtance from the center; that is, if a bod 

weighs a i at the ſurface of the earth, whoſe 
diſtance from the center is four thouſand miles, 
it will at double that diſtance weigh only a quar- 
ter of a pound, and at triple the diſtance, only 
the ninth part of a pound, and ſo on, whatever 
be the Aiſfenee the force of gravity will be re- 
ciprocally as the ſquare of the diſtance. For is it 


not highly rational that the power of | gravity what- 


ever it be ſhould exert itſelf more rigorouſly, in 
a ſmall ſphere, and weaker in a greater, in pro- 
portion as it is contracted or expanded; and if 
fo, ſeeing that the ſurfaces of ſpheres are as the 
ſquares of their radii, this power at ſeveral diſtances 
muſt be as the ſquares of thoſe. diſtances recipro- 
cally. Though ſtrictly ſpeaking, this be the law of 
gravity, yet where the diftances from the ſurface 
are inconſiderable with reſpect to the earth's * 
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falling body i in the time-expreſſed by A B, and where 
the velocity acquired at the end of the fall is denoted 
by BC, will be as the area of the triangle A B C. 
And for the ſame reaſon the ſpace deſeribed by a 
falling body in the time expreſſed by A D will be 
as the area of the triangle: ADE. But from the 
— of ſimilar triangles theſe areas are to one an- 
other as the ſquares . 
is, as A B to A D, or as B & to D EA. But A B 
and A D expreſs the times of the fall, and B C and 
DE the velocities by the fall; where- 
fore the ſpaces deſcribed by a falling body are as 


the ſquares of the times from the beginning — 


fall, or as the ſquares of the velocities at the end 
of the fall. And what has been thus demonfirated 
from the nature of gravity is likewiſe confirmed by 
experiments. For if a weight of eleven humdted 
grains be let fall from the height of three iche, 
- as to ſtrike one end of a balance, its force will 

be juſt ſufficient to raiſe a pound weight at the 


other end of the balance to * height of about 


the eighth or tenth part of an inch; whereas if the 
ſame body be required to raiſe a weight of two 
pounds to the ſame height, it muſt be let fall from 


the height of twelve inches; and if the weight to 
be raiſed, be three pounds, then muſt the moving 


body fall from the height of twenty. ſeven inches; 
for iefſer-heights will not ſuffice; as will ene, from 
the experiment. 1 race dd 29 aui Hrn 

- The forces: wherexwith the elvendingbody ſtrikes! 


their homologous ſides; that 


928 


to the 8 deſcribed from the beginning of the fallz Leer. 
and the fum of all the lines, as D E taken ihde- 
finitely near each other conſtitute the area of the ” © 

triangle. And therefore the {pace deſcribed by a 


Exp. 8. 


the end vf the balance arè meaſured by the weights” | 


that are raifed; which in: chis caſe are as- one, %, 


and three; but the forces wherewih one and the 


ſame body. ſtrikes, are as the velocities af the body; 


| x WRITER thecaſe before ms the 3 
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by the falling body axe as one, twod and three; but 
A heights from which it deſcends in order to ac- 
quire:thoſe velocities are as one, four, and nina 
that is as the ſquares of the velocities. 

If this experiment be repeated with a body 
Fe in weight to the former, to wit, with one 
of twenty. wo hundred grains; the weights raiſed 
by the ſtrokes, will be two, four, and: fix: founds, to 
wit, double the former. - 241142 0 
„From this experiment appears the truth. of that 
rule, which collects the quantity of. mation in any 
body by multiplying tlie velocity of the body into 
its quantity of matter. For the force of h/ ſtroke 
is, t cœæterit paribus, always proportional tothe quan- 
tity of motion in the ſtriking body conſequently 
in like circumſtances the motions of bodies may be: 


meaſured«by the force of their ſtrokes, hut it has 


appeared from the experiment that where the ſtrik-! 
ing body as as unity, and. the velocities vſerewith 
it moves at the times of the ſtrokes, as: one, two, 


210 — threr; the forces f the; reſpective. ſtrokes are 
likewiſe anne, tu ci, and three. But where the 


body 9 is as two, the. ſtrbkes are as two, four, and fix;. 
that is, in both caſes, the: ſtrokes-are:as'the products 
ariſing from! the multiplication of the quantities of, 
matter in each body: into the reſpective velocities: 
her efore the quantities of motion are as thoſe 
products: Mhence as a corollary it follows that if; 
the :weight of ane! hady multiplied into its velocity 


gives an equal product. tar what: ariſes from the- 


multiplication! of the weight of another. body by its 
velocityothe mot ions of thoſe tua bodies ate equal; 


and this will ever be where the weights of the 


bodies arb reciprocally proportional to their velo- 
cities;- Thus when the: body whoſe weight was as 


unity, was let fall from the: height of twelve inches, 


and therebyacquired a velocity which was as two; it 
raiſed a tuo pound weight which was. like wiſe raiſed 


bythe bady hole weight was as two, when by fall. 


— 


* ing 
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ing from the height of three inches, it had acquired Lee . 
(411 . oh 


| a velocity which was as unity. „og & 2 101 PHE 
From what has been proved concerning the ſpaees 
deſcribed by falling bodies it follows, that if the 
time of a body's fal be divided into a number of 
- _—_ parts, the ſpaces thro' which it falls in each 
of thoſe parts df time ta en ſeparately and in 
their order, beginning from the firſt, are a8 the 
odd numbers taken likewiſe in their order, begin- 


ning from unity. For inſtanee if the time ef the 
fall be four ſeconds, the ſpace deſcribed in the rfrſt 


of thoſe ſeconds, will be as one, in the ſecond as 
three, in the third as five; and in the fourth as fe- 
ven; for Where the times of the fall are as one; 
two, three, and four; the ſpaces” deſcribed are as 
one, four; hine, and ſixteen; and therefore if from 
the ſpace deſeribed in two ſeconds, to wit, four; be 

ſubducted the ſpace deſeribed in the firſt ſecond; 
to wit, ne, the remainder, to wit, three, will be che 
ſpace deſcribed in the next ſecond. And if from 
nine which is the ſpace deſcribed in three ſeconds, 
be taken four, which is the ſpaee deſcribed in twg 
ſeconds; the remainder, Which ig five; will! de the 


ſpace deſeribed in the third ſecond: In like manner 


ſubducting nine the ſpacedeſcribedin three ſeconds, 
from ſixteen; which is the ſpace deſeribed in four 


ſeconds; the Yemidinder, to wit, ſeven,” will he the 


ſpace deſcribed in the fourth ſecond; and ſo on ab- 
of the fall is died“... in 


* + From what has been faid it likewiſe follows, that 


the velocity acquired by a falling body at the end of 
the fall, is ſuch as with an equable motion would iin 
the ſanie time in which tlie body fell, carry it thro? 
a ſpace double that of the fall. That the truth of th 
may be made appear, it is neceflary that ſome things 
be premiſed concerning the ſpaces deſcribed by bo- 
dies carried with an equable motion. Andi firſt, if 
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the ſpace deſcribed will he as the time of the mo- 
tion; for if a body with a given velocity moves 
thro”. a certain ſpace, a foot, for inſtance, in a ſecond 


of time, it will in two ſeconds, with the ſame ve - 


Fig. 5. 


lecity, move thro' two feet, and thro? three feet in 
three ſeconds, and ſo on; whatever be the time, 


the ſpace deſcribed will be proportional - thereto, 


On the other hand,/if the time be given, the ſpace 


deſexibed will be as the velocity: for if a body, in 


a given, time moves. thro? the ſpace of a foot with 
a'certain velocity, with double the velocity it will 
paſs thro: the ſpace of two feet, and with triple the 
velocity thro' the fpace of three feet, and: ſo on, 


whatever be the. velocity, the ſpace deſcribed wall 


be in the ſame proportion. But if neither the time 
of a body's motion, nor the velocity wherewith it 


moves be given, the ſpace deſcribed will be as the 


time and velocity conjointly: for if a body moving 
with a certain velocity runs thro” a certain ſpace in a 

certain time, it follows from what has been faid, that 
if the time be increaſed or diminiſhed in any pro- 
portion, in the ſame alſo will the ſpace be increaſed 
or diminiſhed, ſuppoſing the velocity to remain the 
fame ; but if that likewiſe be changed, it is plain 

that the ſpace will be changed in the ſame propor- 
tion: and therefore univerſally the ſpace deſcribed 
by a body moving equably is as the time and velo- 


city conjointly. For which reaſon, if in the rect- 


angle, One ſide, as A B, be ſuppoſed to denote the 
time wherein a body moves equably, and B C the 
velocity wherewith it moves, the rectangle A BCD 
will be as the ſpace deſcribed; but the triangle 


ABC of the ſame figure, is as the ſpace deſeribed 


by a falling body in the time denoted by AB, and 
BC is, as the velocity acquired at the end of the 


fall; and the rectangle AB CD is double the tri- 


| equable; motion in th 


angle A'B C; conſequently the velocity acquired by 
a falling body is ſych as will carry the body with an 
e time of the fall thro double 


the ſpace of the fall. As 
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As the motion of bodies falling from à ſtate of 


” 


reſt'is uniforitly yoceletated; fo likewiſe the motion 
of bodies thrown "upwards is uniformly Tetarded; 


for the ſame force of gravity which conſpires with 
the motion of deſcending bodies, acts in direct op- 
poſition to the motion of ſuch as aſcend; and 
therefore in whatever manner it accelerates the one, 
in the very ſatne manner muſt, it retard the other. 


: 


ly upwards, the time of its fiſe will be equal to that 
wherein a body falling freely from a ſtate of reſt, 
acquires the ſame velocity wherewith the body is 
thrown up. For ſince the action of gravity is con- 
ſtant and uniform, in whatever time it generates 
any velocity in a falling body, in the ſame time muſt 
it deſtroy that velocity in a riſing body; and there - 
fore the time of the riſe muſt be equal to that of 
the fall. It likewiſe follows that the height to which 
a body thrown upward riſes, is eqũal to that from 
which a body falling freely does at the end of the 
fall acquire à velocity equal to that wherewith the 
body is thrown up. For ſince the times in which 
the velocity of the falling body is generated, and 


that of the riſing body is deſtroyed, are equal; and 


ſince of the two equal velocities one is generat 

and the other: deſtroyed by the conſtant uniform 
action of one and the ſame power; it is manifeſt, 
that whatever be the ſpace thro? which the falling 


body moves in order to acquire its velocity, the riſ- 


ing body muſt aſcend thro' an equal ſpace in order 


to loſe its velocity; that is, it muſt riſe to the ſame 


height from which the other falls. 1 

Tze force of gravity at the ſurface of the earth is 
ſuch as, ſetting aſide the reſiſtance of the air, makes 
a body falling from a ſtate of reſt to deſcend thro- 


a ſpace of ſixteen feet and an inch in a ſecond of 


+ - 


time. For the time wherein a Spins performs 
its ſmalleſt vibrations is to the time in which a body 


#5 + a > 


falls thro half the length of the pendulum as the 


circum- 


follows, that if a body be thrown direct - 
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Lier, circumference of a gircle to its diameter (as ſhall 
de ſhenn when 1 come to. treat. of the pendulum) 
' Wherefore ſince the ſpaces deſcribed by falling bodies 
are as the ſquares; of the times, and ſince the dia- 
eter of a circle expreſſes the time which a body 

takes to, fall, thro' half the length of a peydulum _ | 
vibrating ſeconds, when the circumference ex: 
prefles a ſecond ; it follows, that as the ſquare of the 
diameter is te the ſquare of the circumference, ſo-is 
half the length of the pendulum to the ſpace thro? 
which a body falls in a ſecond of time. Sd that put- 

| Hng Heepen diameter of a; circle, which 
is as unity, P the periphery, which is as 3,1416, L 
the length of the pendulum yibrating ſeconds, 
which is 395 inches and 8 to denote the ſpace 


ſought; we ſhall have this analogy, D*: P* f:: 8. 


2 (31 N 0 P41. 4 | . 1 a 3 -| VE © , 74 
Conſequently S=— ; „ Of” rejecting the diviſor as 7 


F IS -—_ 
+ 


F 3 


being equal to unity; S=P*ZL= 193 inches, or 


* 


that bodies do not every where deſcend at the rate 
of ſixteen' feet and an inch in a ſecond of time, but 


err 
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| 31 
time under thelline as 220 to 219. Since therefore Bret. 


lums that II. 


vibrate-:in! equal times àre to one another as tber 


lengths of the pendulums (as ſhall be ſhewn when 1 


come to treat of pendulums) it is evident that the 


force! of grauityän the latitude of Paris is to the 
ſame force under the line as 220 to 219. And in- 
deed it has appeared from a great number of ob- 
ſervations, that ahi fdrce of gràvity is at leaſt at the 
æquator, and that it continually: increaſes as we 
recede from thence and approach the poles, under 


Which it is greateſt of all. And the chief cauſe ot 
this difference is the rotation of, the earth about its 


axis, whereby all. bodies on or neari the ſurface of the 


earth are indued with a centrifugal foree, which acts 


in oppoſition to that of gravity; and of courſe muſt 
leſſen the ſame; and the diminution of gravity 
ariſing from this cauſe muſt be greateſt under the 
æquator, and grow leſs and leſs in the approach to 


the poles: and that for two reaſons; firſt, becauſe 


the; centrifugal! force is greateſt at the æquator, 


and from thence towards the poles is continually 


diminiſhed ſo as àt laſt to vaniſh lin the polar points. 


For all parts of the earth's ſurface with the bodies 
thereto adjacent revolve in the ſame time either 
in the æquator or in circles parallel thereto; but 


the æquator is the largeſt of all thoſe circles, and 
the others grow leſs and leſs as they are more and 


more diſtant from the æquator. Now the centri- 
fugal forces of bodies revolving in the ſame time 


in different circles being to one another as the radii 


of the circles (as ſhall be ſhewn when I come to 


treat of thoſe forces) it follows that the centrifugal 
force muſt be greateſt at the æquãtor, and thence 
be continually diminiſhed towards the poles. To 


illuſtrate this, let AB be the axis of the earth, CK 


the radius of the æquator, DI, E Hand F G the 


radii of ſo many circles parallel to the æquator, the 


centrifugal forces in the points K, I, H, G, are 
ä as 


& £343 3553 
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Luer. as thoſe radii; ſo that the centrifugal force is great - 
I. eſt in the point K, that is at the æquator, and at I 

it is leſs than at K and at H lefs than at I, and lefs 
again at G, and ſo on, till at length it vaniſhes at the 


polar point, where there is no rotation. Whence 
it is evident that the force of grauity muſt be ſmall- 
eſt under the line, and muſt increaſe towards the 
poles, inaſmuch as the force which acts in oppo- 
fition' to it is greateſt under the line, and leflens in 


te approach to the poles. The force of gravity 


maſt likewiſe be lefs under the æquator than in 
any other place, becauſe under the line the centri- 
fugal force acts in direct oppoſition to the force of 
gravity; whereas in other places it acts in an oblique 
direction to that of gravity, and of conſequence 
muſt act leſs powerfully againſt it. Thus in the 
point K the force of gravity pulleth from K to- 
wards C, whilſt the centrifugal force pulleth directly 

contrary from C towards K; whereas in the point 
L gravity pulleth from L towards C, whilſt the 


direction of the centrifugal foree is from O towards 


I. Let the centrifugal force in the point L be ex- 
preſſed by the line L M, and to C L continued to N 


let fall the perpendicular MN. Ihe force I. M, 
according to the known method of reſolving forces 


(of which 1 ſhall ſpeak hereafter) may be reſolved 
into two forces denoted by the lines N M, and LN; 
whereof the latter only acts in oppoſition to gra- 
vity, as pulling directly againſt it; the other no 
way affecting the ſame; conſequently, ſuppoſing 
the centrifugal force at L to be the fame as at K, 
yet will the force of gravity be leſs diminiſhed hy 
* at L than at K, becauſe at L part only of the 
centrifugal force reſiſts that of gravity, whereas at 
K the whole centrifugal force acts in oppoſition 


From what has been ſaid it follows, that the force 
whereby gravity is leſſened in the æquator is to the 
force. whereby it is leſſened in any other part of the 

| | earth's 
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earth? s ſurface. 2s, the ſquare. of radius to kim 7561 
of the fine; of the complement. of latitude. For the 
centrifugal force in the point K, the whole of which w 
ads in oppoſition. to gravity, is to the, centrifugal 
force in the point I., as CK or CL to OL; but 
a the whole centrifugal force 1 in * that part of 
. it which oppoſes. ravity, as LM to L. N, that is, 
| becauſe the triangles I. NM and COL. are ſimilar, 
28 C. I. to OL; —— Hh the centriſugal force, or 
the free which oppoſes gravity in the point K, is 
to that part of the centrifugal. force which oppoſes 
gravity in the point L in the duplicate ratio of CI. 
to OL, that is, as the ſquare of radius to the are 
7 of the fine of the ene of lattinde. | 
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8 experience has convinced us that there are Lecr. 
Powers in nature, whereby not only the larger 

ſyſtems and collections, but — 5 ſmaller — 
parcels and particles of matter are in ſome caſes 
made to tend to one another; the ſame experience 
will inform us of other powers in nature, whereby 
the parts of matter do in ſome circumſtances recede 
and fly from each other. For if the diſagreeing Exp. 1. 

pole of a load ſtone be moved towards a magnetical 
needle floating on water, the needle will reeede; and 
the nearer the ſtone is brought to it, with the greater 
violence and precipitation will it fly off; the repel- 
ling power, like the attractive, exerting itſelf with 

greater vigor at ſmaller diſtances. 

This repelling power is likewiſe evident from the 
experiments which were made relating to electrical 
attraction : for it was obſervable that upon holding 
the glaſs tube, when heated by friction, nigh ſmall 


ER of bra. leaf; ſome of thoſe a which by 
4 - 


— > 8 


— — 


r ̃ÄAö!! ]§7——— ,, 
F NE 8 * — - ad! = 1 * y -B 
% - 


2a 
Lzcr. the! attraction had been raiſed towards "he: tube, 


LY 


* phy he 
- ; 


O REPULSION. 


were, before they could reach it, driven back again 
with great precipitation: and 01 thoſe which ad- 
hered to the tube ſome were thrown off with a ve- 
locity much greater than could poſſibly atiſe from 
the force of gravity in ſuch light bodies, and con- 
ſequently muſt have been driven down by ſome re- 
pelling power in the glaſs. And in the experiments 
of the glaſs globe and woollen threads; when the 
threads were, by the attractive force of the globe, 
made to extend themſelves towards its ſurface; upon 


moving one's finger towards them, they were ob- 


ferved to recede and fly off, and that at eonſiderable 
diſtances from the finger; 'which plainly argues a 

repelling power interceding the finger and threads, 
when under the circumſtances of thoſe experiments. 
From this power it is that the leaves of the ſenſi- 
tive plant ſhrink and retire from the touch of an 
approaching hand. And to the ſame power we are 
to attribute the elaſticity of the air; as alſo the ſhak- 
ing off of the partieles of light from the ſun and 


| other luminous bodies. 


Beſides the ſörementioned principles of attraction 
and repulſion, whereby nature ſeems to perform 
moſt of her operations, and which for that reaſon 
are very properly ſtiled active principles; there is 
another of @ paſſive nature, commonly called the 
uit infita and vis inertiæ of matter, a force ariſing 
from the inertneſs or inactivity of matter; which 
foree in any body is proportional to its quantity of 
matter. From this force reſult three paſſive laws 
of motion, uſually called by modern N the 


three Laws or NATURE®, Ppt: 


14 MES. 
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=, DE DEL 280 SEE; Vis a Ad Po it is, that the motion of a body 


produced by a forceimprefſed upon it, is meaſured by the quan- 
tity of matter in the body and its velocity, taken together. For 
the body by its vis inertiæ, reſiſts. the force impreſſed upon it 
which cauſes its motion, in proportion to its quantity of mat- 


ter; — conſequently, to produce a given tendency i in thebody 
forward, 
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Tbe firſt of theſe laws is, That every body, in Iser. 
roportion to its quantity of matter, perſeveres in ., 
its preſent ſtate, whether it be of xeſt or uniform | 
motion ſtraight; forward in. a right line. For as 
every particle of mattet is with reſpect to itſelf per- 
fectly unaQtive, it ĩs utterly imꝑoſſible: it ſnould pro- 
duce any alteration in its own ſtate; for which rea- 
ſon (ſetting aſide all impreſſions from external __ 
cauſes). if it be at reſt, itmuſt continye:ſo forever; 
or if in motion, it muſt for ever continue its mo- 
tion without any change either as to direction. or 
velocity ; ſo. then the continuation of motion in: bo- 
dies projected (the cauſe : whereof: very much per- 
plexed the naturaliſts of old) is to be attributed to | 
the paſſive nature of matter, which makes it as im- 6 
poſſible for a body of itſelf to ſtop/ ts on mation 
when once begun, as it is for it to mave itſelf atigi· 
nally, or of itſelf to change its figure. 
14 Ava, conſequence: of: this lawiit ben, that 211 | 
motion is of itſelf equable and irectilineal. For: 
firſt, whatever be the velocity wWherewith a. body 
begins to move: the-ſatno velocity muſt! continue 
during the motion, unleſs à change be made therein 
by ſome e without; - crharefore econ. 
- Hoi gt : anitads AT 98151: een 
forwarded by 5 955 Pat a 17 of with * gffen: - 
enen ai 8 From fest 018 .. 190 „that be gi 1151 quanti Job. 
mattef ; and if We CudpioF bret an the body, and con- 
ſequently the reſiſtanbe ariũng from its uii inentis, be given, 
the Kc impreſſed will, be pro 1 J ny 195 tendency, 1 , 
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o, CENTR AL FORCE sS. 
Lacr. muſt in equal times move thro' equal ſpaces with 


II. an uniform velocity; that is, the motion muſt be 
| © equable. And as motion is by virtue of this law in 
ittelf equable; fo is it likewiſe rectilineal: for mo- 
if tion cannot otherwiſe be conceived than as directed 
1 and determined towards ſome place or other; and 5 
it muſt by the foregoing. law keep the direction 
1} | which it had at firſt until it be hindered or put out of 

its way by ſome extrinſic cauſe, that is, it muſt move 
on in à right line. If therefore a body moves in a 

curve, that curvature muſt of neceſſity proceed 

from ſome external force continually acting on the 
body; and whenever that force ceaſes to act, the 
body will move forward in a right line touehing 

the curve in that point wherein the body is at the 

inſtant of time when the force ceaſes to act. Thus 

for. inſtance; if a ſtone moved about in a ſling, be 

ſet at liberty by ſlipping one end of the ſling; it 

will not continue its cireular motion, but go on in 
= a right line touching the cirele made by the cireum- 
=. volution of: the ſling in that point where the ſtone 
Fig. 8. is let go. If the circle B CDE be the curve deferib- 

ed by the revolution of the ſling A B about the center 

Az and if the ſtone be let off at the point B, it will 
move on in the right line B G, which touches the circle 

in B. For by the law, the natural tendency of tdje 

ſtone. in the point B is along the line B G, tho? by 


„ 


| the force of the ſling it be made to. revolve in the 
n curve. And what has been faid of the ſtone in | 
the point B, is in like manner true of the ſame at 


ny other point, as C, D, or E; for in thoſe point: 
its tendency is along the lines CF, D H, and 


Another conſequence of the foregoing law is that 
all bodies, .which revolve about a center, muſt en- 
deavour to recede from the center: for ſince bodies, 
that are moved round in a curve, do of themſelves 

in every point of the curve tend to move in tjge 
| tangents to each point; and ſince all n 5 
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the center of motion, which endeavour of receding 
is commonly called the centrifuga] foree; and it is: 
oppoſed. to the centripetal force or that force which, 
by drawing the bodies towards the center makes 


them to revolve in a curve. e. 


...'Thefe two forces are by one common name called 
the central forces; and they are in all caſes equal 


force acts at A, it will make the body deſeribe the 


are A C in the ſame; time that it would deſcribe the 
tangent AB in caſe it were not acted upon by the 


centripetal force; conſequently, the ſpace B C is 
dęſcribed by means of the centripetal foree; and 
the are A C being in its naſcent; ſtate, the centri- 
petal force will be as B C, and of conſequence equal 
toi the centriſu gal. 125 
In treating of theſe central forces I ſhall proceed 


* 0 
— 


in the following manner, Firſt, 1 ſhall conſider 


two equal bodies moving uniformly in two different 
circles; and thence. deduce. one general expreſſion 


for the central forces in the terms of the circle, 


| Secondly, by ſubſtituting other proportional quan- 


tities in the place of thoſe which conſtitute the 
preſſions for the ſame forces. Thirdly, by a pro- 
per application of thoſe expreſſions I ſhall: deter- 
mine the laws of central forces in particular _ ; 
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oo OBNFRALAFOR CES? 
Ezcr- and af the ſane: rimie confirm-each law by ari'expe- 


 riment. „N ent: G89 16 651 110656 
As to we fit; if two equal dodies moving uni. 


. the cireles marked 1, and 2% do in the fame 
portion of time takkn inllefinitely mall deſeribe the! | 
naſcent arches A Cg ànd if from the points C bei 
drawn the ſines CB, perpendicular to the tangetits) 
AB, thoſe lines will expreſs the proportion f the | 
central forces. For ſince the time in whith'the' 
arches A Care deſeribed is indefinitely ſmall;"! the 
bodies will be carried thro” the ſpaces BC, by ont 
fingle impulſe of each central force; for which" 


. | reafon the mbtions of the bodies*thro*” thoſe ſpices! 


wilt be uniform z conſequently, f̃nce the time '6f i 
the motion is the ſame, and the bodies equal, the 
motions will be as the ſpaces deſcribed; that is, a4 


the lines BC3! bat forces which generate equable 
motions are to one another as the' motions gene- 


rated; that is) im this caſe; as the lines BC; which” 


lines being equal to the 'verſed/ fines A D ef ehe 


arches A & muſt bebe qual te the ſquares of the 


arches A Cy divided by their reſpective diameters 


AEL Fot from the fature of the circle the verIEd 
ſine of any arch is equal to the ſquare of tile chord 
divided by the diameter; but as in this eaſe the 
arches A Care ſuppoſed to be-riaſcent; they do hot 


differ from their chords, and therefore i Sach 


circle the verſed ine of the arc A O hieb verſed, 
fine expreſſes the central force) is equal to the 
ſquare of the arch divided by the diameter: conſe? 
quently, the central forces are as-the ſquares of the” 
naſcent arches applied to their reſpective diameters; 
and foraſmuch as thoſe. naſcent arches are to bone 
another as any other two arches whichiare deſeribed | 
by the revolying bodies in a given time, the central 


forces of two equal bodies revolving uniformly' in 


different circles; are to dne another às the ſquares 


n the arches ' deſorlbed'! in a 8 time applied to 
150 their 
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Or CENTRAL FORCES, 


their reſpective diameters ; or becauſe the diameters L zer. 


are as the radii, as the ſquares of the arches applied 


to their reſpective radii,” Wherefore puting A to 


denote the arch of a cirele deſcribed in a given 
time, D for the radius, and F for the central force. 


F is 26 B55 as it ſtands in the firſt place of the firſt 
rank of ſymbols. oo e 


7 1-017 8 137-2) Mia od» 
F is as 7 F is as ——» 

q D | 5 D 
F is f rn 
F is as DN*. F is as QDN* 


As the bodies are ſuppoſed to move uniformly in 
the circles, it is evident that the arches deſcribed in 
a given time are as the velocities of the revolving 
bodies; and therefore in the general expreſſion for 
the central force, the velocity of the body may be 
ſubſtituted in the place of the circular arch j whence 
putting! V for the velocity of the body, F is as 


B. AS in the ſecond place of the firſt rank of 
ch is a ſecotid general expreſſion for 


7 


e central force. ut” eee © 977 RY 
Again, the velocity of a body moving uniformly 
in a circle, is as the radius applied to the periodic 
time, or the time of one intire revolution. For if 
the velocity of the body be given, the periodic time 
mult be proportional to 'the.circumference' of the 
circle, inaſmuch as a body, which with' a given ve- 
tocity deſcribes a certain Tpace in a certain time, 
will require a double or triple time to deſcribe a 
double or triple ſpace; and univerſally whatever be 
the magnitude of the ſpace, the time in which it is 
A 3 deſcribed 


fyrobols, whi 
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ger deſcribed will be proportional to it. If the circum. 
II. fergnce of the citcle be given, the periodic time will 
de inverſly as the velocity with which the body 
moves; for if a body moves thro?! a given ſpace 
with a certain velocity in a certain time, it will 
with double the velocity move through, the ſame 
ſpace in half the time, and with a triple velocity in 
one third of the time; and in general, in whatever 
proportion the velocity is inereaſed, in the ſame 
proportion will the time be leſſened; that is, the 
periodie time will be inverſſy as the velocity. If 
therefore neither the circumfęrencę of the circle, 
nor the velocity of the body be given, the periodic 
time will be directly as the circumference, and in- 
yerſly as the velocity; that is as the circumference 
applied to the velocity; or (becauſe the circumfe- 
rence is as the radius) as the radius applied to the _ 
velocity. Wherefore, putting P for the periodic | 
time of a body reyolying in a circle, P is as 


D N — 1 A PO Ho gr 
V. and conſequently-V.is as P If therefore in the 
CCC 
ſecond general ęexpreſſion ? be ſubſtituted; in the 
place of V, we ſhall have a third general expreſſion - 


for the central force wherein F is as Pr, as in the | 
third place of the firſt rank of ſymbols,  _ 
Again the periodic time of a body ; revolving, 
uniformly is inverſly as the number of revolutions 
performed in a given time. For if the periodic 
time of a body be ſuch, as that in a given time it 
can perform a certain number of reyolutions ; if 
the periodic time thereof be doubled, it will perform 
but half the number of feyolutions in the ſame time; 
nd if che periodic time becomes thrice. as great, 
it will perform but one third of the number of re- 
volutions in the given time; and ſo on, as the pe- 
Flodic/ time is inlarged the number of a 
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Or,CENTRAL FORCES, ar 
| - will be diminiſhed in the ſame proportion, ſo that Laer. 


1 


utting N for the number of revolutions in a given III. 
mu i 1 F s R * i s 75 8 1 3 . l 8 "I re hg 
dude F will be 45 N. Conſequently, if in the third 


general expreſſion be ſubſtituted in the room of 
P, we ſhall have a fourth general expreſſion for the 
central force wherein F is as DN, as it ſtands in 
the laſt place of the firſt rank of ſymbolss. 
In collecting theſe general expreſſions, I have all 
along ſuppoſed the quantity of matter in the revolv- 
ing body to be given; and for that reaſon have 
not made it à part of thoſe expreſſions, inaſmuch 
- as it may be denoted by unity, and as ſuch whether 
it be taken in or left out, it will not vary the 
expreſſions, but the caſe will be different, if the 
quantity of matter in the revolving body varies; 
Ton becauſe the central forces and conſequently the ex- 
preſſions for thoſe forces will likewiſe vary; ſo as 
to be greater ceteris paribur in larger quantities of 
matter than in fmaller. For the whole central force 
of any body is made up of the forces of each par- 
ticle whereof the body conſiſts; and therefore the 
nore numerous the particles of matter are in an 
body, the greater will its central force be; ſo as to 
be double in a doable quantity of matter, triple in 
a triple quantity; and ſo on in proportion to the 
5 of matter. In order therefore to render 
1e expreſſions 2— more general, let Qbe put for 
the quantity of matter in the revolving body, and 
let it be multiplied into each of the four expreſſions, 
as in the ſecond rank of ſymbo ls. 
| Before I apply theſe expreſſions to the / ſeveral 


+ 
£ i 
0 


particular caſes, I ſhall offer an experiment in con- 


firmation of hat I juſt now proved, viz. that the | 
greater the quantity of matter in any body is, the | 
greater 1s the central force. MH ebe on gts 

et 7} an | 
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os. EENTRAL FORCES. 
Let three glaſs tubes half full, « one with mercury 


and water, and another with water and ſmall leaden 
bullets, the third with water and a piece of cork, 
be ſtopped cloſe, and made faſt to an inclined plane; 
and let the plane be ſo fixed to à table moveable 


about its center by means of a wheel an 2 ay 


parts empty: and of the two bodies. inejudec 


that the lowermoſt part of the plane may re 
the center of the table. As long as the table cone 
tinues at reſt, the liquors and ſolids contained, in 
the tubes will by reaſon of their, gravity, poſl 1 


themſelves. of thoſe arts. of the tubes which li 


next the center of the table, leaving the, 5 58 8 


tube, that which is heavieſt will be neareſt the, S 
but upon turning the table about, the ſeveral 
will by reaſon of their: centrifugal forces, 3 
they are carried from the center of moti 
the uppermoſt parts of the tubes en fr in eac 15 5 
the heavier body will poſſeſs the uppermoſt ce 
as being indued with the ſtronger centrifugal force. 
If | bodies moving in equal circles perform Her 
revolutions in equal times, or in other words, 1 
yelocities of bodies reyolying-in, circles, be, equa 
and their diſtances from the center, likewiſe equal 
their centrifugal forces are as their quantities 


matter. For in the Tecond general expreſſion, pcs 


| V-and P are given; F is as Q that is, the cent 


: Rip. 2. 


farce is as oy 2 of matter; which is con- 
firmed by th following experiment. Let two 
ſmall troughs. he, ſo. fixed to two. moveable tables, 
as that the centers of the troughs may lie upon the 


centers of the tables, and let the centers of the 


tables be fixed to tyyo axles, on each of which is 8 1 
grooved wheel, with equal diameters; let the two 


wheels be turned by means of one and the ſame 


chord going round them: it is manifeſt, that as the 
wheels are equal, they, and conſequently the tables 


with their affixed troughs, muſt perform their re- 


volutions i in the _ * and the parts of the 
„ | tables 


LA 
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Or. CENTRAL FORCES, 43 
tables and troughs, whole diſtances from their re- Lic r. 
ſpective centers are' equal,” will revolve equally -- III. 

ſwift; and ſo likewiſe muſt all bodies that are placed 
in the r at equal diſtances from the centers; 
ſo that hy this contrivance, if two bodies be placed 
one in each trough at equal diſtances from the centers, 
they will revolve equally ſwift. Let then two balls, 
whereof one is double the other, be laid one in 
each trough, and let each ball be faſtened to one end 
of a chord, whoſe other end paſſing thro' an hole in 
the center of the table is made faſt to a weight, 
which reſts upon the floor; and let the lengths of 
the chords be ſuch, as that being ſtretched, and the 
weights not raiſed, the balls in the troughs may be 
equally diſtant from the centers. This being done, 
if the weights be to one another as the balls, and if 
the tables be turned about with ſuch a velocity as 
that the centrifugal forces of the balls may be ſuf- 
ficient to raiſe the weights, they will be lifted up pre- 


ciſely at the ſame time. Whence it appears, that in 


this caſe the centrifugal forces are as the quantities 

of matter, inaſmuch as they overcome reſiſtances 

which are in that proportion. | 

If equal bodies moving. in unequal circles per- Exp. 3. 
form their revolutions in equal times; or in other £2 
words, if the quantity of matter in the revolving 


bodies be given, as alſo the number of revolutions 


performed in a given time, their centrifugal forces 
are as their diſtances from the center. For in the 
fourth general expreſſion ſince ow N are given, 
F is as D; that is, the force is as the diſtance. For 
the confirmation whereof, let two equal balls be 
placed in the troughs at diſtances from the centers, 
vhich are as one and two, and when the tables are 
turned about, that ball, whoſe diſtance from the 
center is double, will raiſe a double weight. 
If equal bodies move in unequal circles with equal 
velocities; or more generally, if the quantity of 
matter in the revolving bodies be given, as alſo the 
1 8 3 9 eee e e 
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velocity wherewith they revolve; their central forces 


are inverſly as their diſtances from the center. For 
R F T ANCES ITOIN THE C 0 


in the ſecond general expreſſion ſince Q and V are 


given, F 1s as 55 that is, the force 1s inverſly as 
- the diſtance. Before l mention the experiment where- 
by this law is confirmed, I muſt obſerve to you, 
that to the axle of one of the tables is fixed a ſecond 
wheel, whoſe diameter is but one half of the dia- 
- meter of the other wheel; and therefore when the 
chord goes round the ſmaller wheel, the table muſt ' 
turn as faſt again as when it goes round the larger 


wheel; ſo that the table which is moved by means 


of the ſmaller wheel, will revolve twice in the ſame 
time, that the other table which is turned by means 
of the larger wheel, performs one revolution. 


Exp. 4. 
plwaced in the troughs, as that the diſtance of that 


This being premiſed, let two equal balls be. ſo 


ball which is to revolve by means of the ſmaller 


wheel, may be but one half of the other's diſtance 


from the center; in which caſe their velocities will 
be equal; for tho' the peripheries of the circles 


- which the two balls deſcribe are as one and two; 


yet will the leſſer periphery be deſcribed twice in 
the ſame time that the larger is deſcribed once; 
and therefore the ſpaces thro? which the bodies move 


in a given time will be equal, and of conſequence 


their velocities will be ſo too. If.then two weights 
be made faſt to the chords of the balls in the manner 
of the former experiments; the tables being turned 


about, the ball whoſe diſtance from the center is as 


one, will raiſe twice the weight that is raiſed by the 


ball - whoſe diſtance is as two; ſo that the weights 
"raiſed, and conſequently the forces which raiſe them, 


will be-inverſly as the diſtances of the. balls from 


the center. 1205 


I equal bodies revolve in equal circles with un- 


equal velocities, their central forces are as theſquares 


of the velocities, or becauſe the velocities are as the 


number 


number of revolutions in a given time; the forces 
are as the ſquares of the numbers, of revolutions 
performed in a | avon time. - For by the fourth ge- 
neral expreſſion ſince ho way" D are given, F is as N = 
that is, the force is as the ſquare of the number of 
_ revolutions in a given time. To confirm this law 
let two equal balls be placed in the troughs at equal 
_ diſtances from the centers; and let that table, whoſe 
axle has two wheels, be turned about by means o 
the ſmaller, ſo that it may perform two revolutions 
in the ſame time that the other table performs. one: 
in this caſe the numbers of revolutions performed 
by the two balls in a given time being as one and 
two, their ſquares will be as one and four, in which 
proportion the weights raiſed will like wiſe be. 


If unequal bodies revolve in equal circles with 
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Exp, 3. 


unequal veloeities, their central forces are as the 


roducts of their quantities of matter into the ſquares 
of their reſpective velocities; or, which is the ſame 
thing, as the products of their quantities of matter 
into the ſquares of the numbers of revolutions in a 
given time. For by the fourth general expreſſion, 


being given, F is as N*. Let therefore two 


balls, whereof one is double the other, be placed at 
equal diſtances from the centers; and let the larger 
revolve twice in the ſame time that the ſmaller re- 
volves once. In this caſe the quantity of matter in 
the leſſer ball, which is as unity, being multiplied 
into the ſquare of its number of revolutions in a 
iven time, which is likewiſe as unity, gives one 
He the product. And the quantity of matter in 
the larger ball, which is as two, being multiplied 
into the ſquare of its number of revolutions in the 
given time, which ſquare is as four, gives eight for 
the product: ſo that the weights raiſed by the two 
balls will be as one and eight. os 
If unequal bodies revolve in unequal circles with 
unequal velocities, their forces are as their quanti- 


ties of matter multiplied into the ſquares of their re⸗ 
| | 5 ſpective 


Exp. 6, 
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\ . Lncr. ſpective velocities, ' and that product divided by 
A their reſpective diſtances from the centers; or what 


6 4 N 9 2 pt h 2 Wat 7 
4 CS. 1 3 * R 2 r - 
ORs f g . batt : * 
"AY \ — (27 
þ . 
* 


amounts to the ſame thing, their forces are as the 
products ariſing from the continued multiplication 
of their quantities of matter into their reſpective 


diſtances from the centers, into the ſquares of their 


numbers of revolutions in a given time; or to uſe _ 
the mathematical - phraſe, their forces are in a ratio 
compounded of their quantities of matter, of their 
diſtances from the center, and of the ſquares of 
their numbers of revolutions in a given time. For 


Exp. 7. by the fourth general expreſſion, F is as QN D!“. 


To confirm this law by an experiment, let two balls, 
whereof one is double the other, be placed in the 
troughs, ſo as that the diſtance of the ſmaller from 
the center may be to the diſtance of the larger as 
two to one; and let the larger revolve twice in the 


fame time that the ſmaller revolves once. In this 


caſe the quantity of matter in the ſmaller body, 
which is as one, being multiplied into the diſtance 
from the center, which is as two, and the product 
being multiplied into the ſquare of the number of 
revolutions performed by the ſmaller body in a given 
time, which is as one, gives two for the product. 
In like manner the quantity of matter in the larger 
body, which is as two, being multiplied into the 
diſtance from the center, which is as one, and the 

roduct of that multiplication being again multi- 
plied into the ſquare of the number of revolutions 
performed by the larger body in the given time, 
which ſquare is as four, gives eight for the product; 
conſequently the weights which are raiſed, as alſo 
the forces which raiſe them, are as two and eight, 


or one and four. | 


If equal bodies revolve in unequal circles in 
ſuch a manner as that the ſquares of their periodi- 
cal times are as the cubes of their diſtances from the 
center, their central forces are inverſly as the ſquares 
of their diſtances from the center. For fince the 
& quantity 
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quantity of matter in the revolving bodies is given, 


and the cubes: of the diſtances are as the ſquares of 


the times; if in the third general expre the 


cube of D be ſubſtituted in the room of the ſquare 


of P, F will be as D divided by the cube of D, or 
as one divided by the ſquare of D; that is, the 
force will be inverſſy as the ſquare of the body's 
diſtance from the center. To confirm this law, let 
two equal balls be placed in the troughs, ſo as that 
the diſtance of one from the center may be as two, 
and the diſtance of the other as three and one ſixth; 
and let that which is at the ſmalleſt diſtance revolve 
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twice in the ſame time that the other-revolves once; 


ſo that their periodical times may be as one and two, 
the ſquares of which being one and four, are very 


nearly proportional to the cubes of the diſtances z 


for the cube of the ſmaller diſtance is eight, and that 


of the larger thirty-two. very nearly; conſequently, 


the balls muſt raiſe weights which are to one another 


inverſly as the ſquares. of the diſtances from the 
centers; that is, the weight raiſed by the ball, whoſe 
diſtance is as two, muſt be to the weight raiſed by 
the ball whoſe diſtance is as three: and a fixth, as 
the ſquare of the laſt diſtance to the ſquare, of the 


former, that is, as ten to four, or five to two very 
1 18885 | 


If the ſquares of the periodical times be propor- 
tional to the cubes of the diſtances, and the reyoly- 
ing bodies unequal, the central forces are directly 
as the quantities of matter in the bodies, and reci- 


procally as the ſquares of their diſtances from the 


eenter. For in the third general expreſſion, if the 
cube of D be ſubſtituted in the room of the ſquare 


of Pz F vill be as B If therefore all things remain 


as in the laſt experiment, excepting that the body 


which is at the greater diſtance from the center is 
to the body leſs diſtant, as two to one; the weight 
which 1s raiſed by the former, will-be to the weight 
N 2 bs raiſed 


*W 
* 


48 
Leer. 
III. 

N mai 


FR 2 


o CENTRAL® FORCES. 


raiſed by the latter, as two to two and a half; that 

is, the weights raiſed, will be as the products ariſing 
from the multiplication of the quantity of matter 
in one body into the ſuns: of - the other body? 5 


diſtance. 8225 
Among the n laws 05 central forces, has 


| which obtains in nature, and by virtue whereof the 
_ heavenly bodies are made to revolve in their ſeveral 


orbits, is, where the forces are to one another in- 
verily as the ſquares of the diſtances of the revoly- 
ing bodies from the center. For it has been found 
by obſervation, that all the' planets as well Py g 
as ſecondary revolve either in circular orbits or ſi 

as are nearly ſo. And that the ſix primary planets 
move about the ſun as their center in ſuch a man- 


ner, as that the cubes of their mean diſtances from 


the ſun are very nearly proportional to the ſquares 


of their periodical times. And the ſame thing has 


been diſcovered with regard to the four ſecondary 
lanets or ſatellites that move about JuriTzR, as. 


alſo with reſpect to the other five that revolve about 


SATURN. And therefore the forces whereby they 
are retained in their orbits muſt be in the inverſe 
ratio of the ſquares of their diſtances from the cen- 


_ tral bodies about which they revolve. 


If two bodies are by means of their mutal at- 
traction made to revolve about each other, and alſo 


about a fixed point; and if their diſtances from that 
fixed point be reciprocally proportional to their 


quantities of matter, that is to ſay, if as much as 
one body exceeds the other in quantity of matter, 
fo much is its diſtance from the fixed point exceed- 
ed by the other's diſtance from the fame point; or 
what amounts to the ſame thing, if the product ariſ- 
ing from the multiplication of one body into its dif: - 

tance from the fixed point, be equal to the product 

ariſing from the like multiplication. of the other body 
into its diſtance from the fixed point, their central 


forces are equal. For as the two bodies muſt of 
neceſlity 


— 
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O07 "CENTRAL FORCES: 
neceſſity perform their revolutions in the ſame tithe; 
"the number of their revolutions in à given time is 
fon, and therefore by the fourth general expreſ- 


Jon, F is 4s' OD; that is, che central! force is 26 


the product ariſing from the multiplication of the 
quantity of matter into the diſtance from the cen- 
ter, or fixed point: but by ſuppoſition the product of 
one of the bodies into its diſtance from the fixed 
point, is equal to the product of the other into 
its diſtance, conſequently, their central forces are 


| equal, for which reaſon neither of them can fly off 


from the fixed point ſo as to draw the other after it; 
for however ſtrongly either of them endeavours to 
recede by virtue of its own centrifugal force, it is 
with equal ſtrength drawn the contrary way by the 


centrifugal force of the other. But if the diſtances 
of the bodies from the fixed point be not recipro- 


cally proportional to their quantities of matter; that 


body, whoſe diſtance with regard to the diſtance of 


>. 


Lac v. 5 


the other is greater than in the forementioned pro- 


portion, will fly off and draw the other after it; 
for in this caſe, the product of the former body into 
- its diſtance from the fixed point is greater than the 
product of the latter into its diſtance; which pro- 
ducts being as the centrifugal forces of the bodies, 
the former body will have a greater centrifugal force 

than the latter, and of courſe muſt recede from the 
fixed point, and drag the other after it; all which 
is fully confirmed by the following experiments. 
Let two equal balls be tyed together by a ſmall 
chord; and let them be laid in one and the ſame 

trough, one at each end, ſo as that the chord being 
_ ſtretched may have its middle point juſt over the 

center of the table; let then the table be turned 


Exp. 10. 


about, and the balls will revolve about the center 


without flying off either way; and continue ſo to 
do as long as the motion of the table laſteth. And 
the ſame thing will likewiſe happen tho? one ball be 
double the other, provided its diſtance from the 
| | center 
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; of the: table be but one half of the diſtance of 
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| "the ſmaller. Rut uben equal ball are made uſe 
| of, if one af them be placed at 4 greater diſtance 
from the center than the other, upon turning the 


> * 


table it, will fly off and draw the other after it. So 
likewiſe when unequal balls are made uſe of, ſhould 
that which is, double the other be placed at a diſ- 
tance from the center greater than one half of the 
_ diſtance of the ſmaller, it will fly off and draw the 
ſmaller after it. And on the other hand, if the 
- diſtance of the larger be leſs than half the diſtance 
of the ſmaller, the ſmaller will in that caſe fly off 


and draw the larger after it. 


Or THE ComPosITION AND RESOLUTION OF” - 
F ”  MorTl1oN. n 


lier. THE ſecond Law or NATURE, reſulting from 
v. 1 the inertneſs of matter, is, that whatever 
wy motion, or change of motion is produced in any 
body, it muſt be proportional to, and in the direc- 
tion of the force impreſſed. For ſince a body cannot 
by reaſon. of its inactivity contribute to the pio - 
ductions of its own motion, or of any change there- 
in, it is plain, that whatever motion or change of 
motion is generated in any body, it muſt intirely 
proceed from the force imprefial on the body; and 
of conſequence, ſince effects are ever proportionate 
to their adequate cauſes,, muſt be proportional 
| thereto. And it mult likewiſe be directed and de- 
' termined towards the ſame part with the generating 
force. Wherefore if the body whereon the im- 
preſſion is made, was in motion before the impulſe, | 
that motion will be retarded or accelerated accord- 
ing as the force impreſſed oppoſes, it, or conſpires 
therewith; or if it acts obliquely to the ſame, the 
direction thereof will be changed, and the baty 
| D | S 
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will move oy direction eee So 17 . 0 
tion of its former motion, and that of the impreſſ- IV. 
ed force. For inſtance, if a body moving from f 
A towards B, be impelled at the point A by a fig. 1. 
force acting in the direction A C, it will move along 
4 line as A D placed between A B and AC, the 
| fituation of which may be thus determined. Let 
the lines AB denote the velocity wherewith the 
body moves in the direction A B; and let A C:de- 
note the velocity wherewith the body would move 
by virtue of —— along the line A C, ſup- 
poſing it had no other motion: that is, let AB be 
to A'C as the ſpace deſeribed by che body in à 
gon time in the direction A B, to the ſpace de- 
cribed by it in the direction AC, each of the mo- 
tions being conſidered ſingly and àpart; then com- 
= pleating- the parallelogram AB DOC, and drawing 
the diagonal X D, that diagonal is the line in whi 
the body moves; for the proof of which, let us | 
ſuppoſe a ſmall inflexible wire equal-in;length to the 1 
o line AB, to paſs thro” the cemer of a' ball, and | 
Y that whilſt the ball moves uniformly. on the wire 
from A towards B, with a velocity which is as A B, 
pe the wire is alſo moved uniformly from AB to- |. 
pr | wards C D, with a velocity which is as A C, and 4 
oe in ſuch a manner as to be always parallel to A B, | 
and with its extremities to deferibe'tthe lines AC 
4 and BD. Then, foraſmuch as the ſpaces deſcribed 
I in a given time where the motions are uniform, are 
* to one another" as the velocities of this motionsz it 
is evident, thata in Whatever time the ball meves 
of the length of tlie wire, in the ſame time will the wire 
by | move the length of A C, to wit; from A B to OD; 
0 TCTonſequently, at che end of that time the ball will 
| . | de found in D at the extræam point of the diagonal 
et | AD. From" any point in the diagonal taken at 
Þ pleaſure as E, let the line EF be drawn parallel to 
35 D B, and from the nature of ſimilar triangles, A F 
| Hyillbe to FE, as AB to BD, that is, as the 
A, / velocity 
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Lzcr. velocity of the ball to the velocity of the wire; 
by bh «ney, in the ſame time that the ball moves 
the length of A F along the wire, the wire will 
move the length of FE from AB to K L; and 
_ the point F, which is the place of the ball on the 
© wire will be found in E. And what has been 
3 thus proved in relation to the two points D and E 
of the diagonal, may in the very ſame manner be 
. demonſtrated of any other point in the ſame line; 
wherefore the ball will by virtue of its own motion, 
and that of the wire whereof. it partakes, be car- 
red in ſuch a manner as to be always found in 
the diagonal A D; that is, it will by virtue of its 
compound motion deſcribe the diagonal line. This 
being ſo, it plainly follows that if the wire be 
taken away, and the ball at A: have two motions 
impreſſed upon it at once; one in the direction 
AB, the other in the direction AG; and if the |- 
motions impreſſed, or, which is the ſame thing, if 
the forces impreſſing thoſe motions be to one another 
in the proportion of AB to AC, the ball will 
by virtue of the double impreſſion, move along 
the diagonal A D. For as to the effect it matters 
not whether the motion which the ball has in the 
direction A C ariſes from a force impreſſed on it at 
the point A, or whether it be communicated by a 
wire ſupporting the ball, and pens it along with ö 
Exp. 11. it in that direction. K 2 
To confirm this by an . let three 
ivory/ ball of equal ſize, be ſuſpended from three 
pins by ſtrings of equal lengths, ang let the middle 
dall reſt over one angle of a wooden-ſquare; then let 
each of the extream balls be let fall ſeparately from 
the ſame height, in ſuch a manner as to ſtrike, the 
middle ball in the direction of one fide of the ſquare, 
and the middle ball will by each of the — made 
ſeparately, be moved along over that ſide of the 
ſquare, which correſpondeth to the direction of the 
b ee but if the two wah be at the ſame * 
\ 's 
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of- time let fall from equal heights, ſo as that 


may ſtrike the middle ball at once, and in the di. 


rections of the two ſides of the ſquare, the middle 
ball will by the double ſtroke, be driven over the 
78 diagonal of the ſquare. 


As a COROLLARY: it follows, that a ds will in 
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the ſame time deſcribe; the diagonal A D of a pa- | 


rallelogram with two forces conjoined, that are to 


one another as the ſides A B and A C, that it would 


the reſpectiye ſides with each of thoſe forces ſe- 


parately. As alſo, that the velocity wherewith a 5 i ; 


body moves along the diagonal, is to the velocity 
wherewith it is carried along the ſides when acted 


upon by each force ſingly, as the diagonal to each 
ſide reſpectively: conſequently, if the two forces 
de giyen, the velocity along the diagonal, which 


ariſes from the conjunction of both forces, will be 


fo much the. greater, by how much the, angle BAC 
is leſs; 5 for as that angle is diminiſhed, the diagonal 
which, in this caſe denotes the velocity, is lengthen- 


ed, till at laſt the angle vaniſhing by the coincidence 


of the ſides, the diagonal becomes equal to both the 


ſides taken together; and the velocity of the body 


body would move, were each of thoſe forces im-: 


AB and A C being placed at three different 
—— ſo as to conſtitute the ſides of three differ- 
ent parallelograms, (the diagonals whereof are re- 


_ preſented by the pricked lines) it is evident to fight, 


that as the angle BAC. grows. leſs; che diagonal 
ows "x Pages and that when the angle vaniſhes 

ro coincidence of AB with A C, the dia gonal A 

becomes equal to A C and .CD, that is, to AC 
and AB; and the nalocity denoted. by AD, is in 
that caſe a maximum, or the greateſt 4 by can ariſe 
from the conjunction of thoſe two forces · On the 
other hand, — the angle inlarges, the velocity along 
the diagonal mul e till at length the angle 


. | "Ju 


upon it in the fame direction, Thus the 


equal to the ſum. of the velocities wherewith 'the 
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Leer. - vaniſhing by the two fides beeoming one right line; 
* the velocity becomes equal to the difference of the 


velocities, ariſing from the impreſſion of each force 
when made ſingly and ſeparately. Thus the lines 


Fig 4 AB and AC being as before placed at three diffe- 


rent angles BAC, it is evident that the dia — 
AD repreſented by the pricked lines, rter 
as the angle. BAC lathe ges; till at 1 a che the angle, 
and with it the diagonal vaniſhing, the two ſides 
BA and AC conſtitute ene right line as BAC, 
wherein the body is, as it were, carried two eon - 
trary ways, to wit, from A towards B by the foree 
which ads in the direction A B, and from A to- 
wards C by the force acting in the direction AC; 
and the difference of the velocities, which ariſe 
from the impreſſions of the two forces when they 
act ſeparately, is the velocity wherewith' the body 
actually meves in the direction of the ſtronger 
force, which velocity is a minimum, or the leaſt 
velocity that can ariſe. from the jeint action of 
thoſe two forces. 

As a ſecond ebfbkkan v it follows; that a body 
may be moved'thro* one and the ſame line by num- 
berleſs pairs of forces acting upon it. For if in- 
ſtead of the forte, whoſe direction is A B. "we ſap- | 
„ poſe- another, the direction whereof'is AE; and if 
inſtead of the force acting in the direction NW 
8 one to act in the direction A F, and that 
thoſe forees are te, one afibther'as AE to AF; 
then compleating the parallelogram A E DF, che 
ling-A D will be the diagonal of this parallelegram, 

as well as of the former; and therefore the 
Vill frem the joint action 'of theſe” two forces de- 
ſerlde the ſame line AD which it did befofe: and 
as AD may be made the diagonal of numberleſs 
Poerallelograms, it is evident that it may: be de- 
feribed by a body acted upon by numberleſs pairs 
of forces in different directions. And not only fo, 
| dur ® it may lkewiſe be deſeribed by a body, where- 
on 


4 
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on a great ar ee LEGn. 
for as the forces acting upon the body in the direct. TY. 
ons A B and A C make it toanove along: the d ; 
nal AD, ſo may the direction along A Barife:froni 
che directions of two other Se, and each of 
thoſe from tlie directions of two others, andiſo.on 
without numben. Hence we ſes, that all forces 
and motions whatever may be reſolved into iho 
merable forces and motiohaʒ and any ſimple direct =, 15 | 
force or niotidh/ may be. looked upon as: compound. Fix. © 
ed of innumerable: oblique, forces or motions. For 
the line 1 5 ditection 9 imotion is) the) ſatne; 
whether that motion be compounded af tot motĩ- 
ons ariſing from forces impreſſed. in the direction 
AB, AC; or in the directe & E. AP, or arife from 
the impreſſion of a ſingle fortr in the girectiomta D; 
; and therefore the motion-along the line 'A:D;aho\ it 
be ſimple arifing from one ſingle force acting in that 
direction yet may it be conſidered as coniponded 
of two or more motions in other direction, / ſuch as 
AB and A C,orAE and A F, ſihce the ery ſame 
motion: would ariſe froni ſuch a/compoſitibnz 5 1d 
This compoſition and reſolution of mbtinus and 
Sen is of ſingular uſe in mechanics; for dyxithe 
help thereof; the: effects of powers acting in oblique 
directions are e perm 155 IM appear 
| hereafter. - 7; 955 C11 20, 205 22 1009 1 
Ike third Law or zatbnk sing fies the 
inertneſs of matter is, /that teaction is a 24 equal 
to Action, arid contrary: thereto ; ot in othesawords; 
that the actions of two bodies, one upon another, 
are conſtantly equal, and: in difections contrary{to 
each other; o 5 5 whatever change is made a the 
ſtate of one body, whether. at reſt or in mation, by 
_ the action of another ; che ſamemhange 4 e 
ed in the ſtate of the other by the reaction af 
former; but the „ directions of — 
changes are contrary ways Thus, when one ptefles 
7 quake with his finger — "downward; the fins 
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yer is 7 preſſed by the ſtone, andb that di 
2 95 A a horſe draws a load; he 
—— equally drawn back by the load; for-as much as 
he promotes/the: progreſs of the load; ſd much is 
he retarded: in his own motion; that is, he is in ei 
ect diaun back; for the ſame force of | muſcles and 
ſmewis, which! be exerts in orden to drag on the 
load; 1 ä — 
0 tarry him forward to a:diſtunce'mu greater than 
2 5 wWhadhe beaches in the ſanie time whilſt tied to the 
Jod; .and:confequently,-as far as his progreſs fab | 
\Jeth\ſhortoftliaeatil cd, ſo mueli isl he in effect 
ddrawm back; and whatever motion he communi- 
_ rate ti the load, ſo much does he loſe of his on, 
hei lad reading upon Him with the ſame force. 
 upon/itz for wclich reaſon if hy add 
ti the load be ſo far intreaſed as to re. 
ole c ſtrEngtb of the horſe to move it, 
m - wilb-enfue;-:the whole power of tle 
— endeuvours toi go forward, be- 
Ang but juſt equal to the feactibn of tlie bad where- 
by he isidraton back This equality uf, action and 
reaction obtain in al kinds of attra Whatever. 
When 1 loadſtombattracts n piebe of iron, it is: c- 
quilipatiradedby it; a8 ill appear from the fol 
"Rap, 12. lowing |eperiment:/in Letba piece of iron andi'a 
loadſtone equal in weight, be ſuſpended by two cords 
of an equal lengtiu vand- let the diſtande —_— 
them be:ſo' fmally! us that they may mot be out of 
the reach of each other's attraction; then. will the 
from a ſtate of reſt, begih to move towards ea 
other, and that th equal velocities, ſo as to meet 
at: the iniddle point of their firſt diſtance: if i 1170 
di Again ſeparated; andi the loadſtont fixed, - 
iron being ſuſpended at the ſate diſtance: from dt 
as before Sil move towards it; To as At length to 
touch it and” adbere" thereto.- And on the other 
hand, if the iron be fixed; and the ſtone moveable, 
the — will approach — in the fame man- 


ner, 
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by: meat of 2 | 2 faſtened : thereto j 92 525 


ono angther with equal quuntities of 


| than the eder then. by bow:nauch e exceeds 


if the weight of one be:to the weight of the of 
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| ſhes, thati th atttaction between the londſtonle 


iron is mutual, the one drawing the other us ni 
mb by 3 iy equal to the 

u n tne one is exa u to the actio 

Fed nahe iran. 2 73894 Bur 8015 OW 
The of action aud reaQtion, e 
o attractions, is - likewiſe manifeſt fro kene 
inst if a man placed in a bbat, drads ang er be 


wherein the man is placed will be equal! drm 
with the other, and the two do 8 


ons 15 
that if: they he equal in weight, and ef the faite 925 


And ſhape, they will approdch with equal velocities, 
and met at the middle point: but if one Be 0 


o much Will. it: be ces 
ocity. of its motion; for _ 


other id weight; b 
the other in the v 


as one ta two, then will the velocity of the A {ap 
8 wo ares of 9 oooh as — tone that 
ther es \ be reciproeally propor. 
tional, te ein weights. To confirm chi 8 Exp. 13. 


E let a. cord be made faſt to one end bf à 


hoat, and let it paſs: over a Yon: hg to 
the end of another ſmall bont of 
and ſias and let n Aro ha tied to the end of t 
Cord, and hang 7 3% this being te, 
let the bonits- Nr uch a Aiſtanowu tha f the i 
cord M obe ſtretched; then. letting gon the boa ö 
the weight will daſcend and: in ee rey 
the bend to whaſe end the cord ig faſtened 4. 
the other and at the ſame-time the bther dil move 
towards itz- and when they)conetogethier,\tHh6 
deſcribed dy the boat whole: weight is us bis, ory 
be te the: ſpacedeſcribed by: the: bout; the 5 | 
whereof is as two, as two to one; chat 18, if fe 
E 2 diſtan 


=o 


cr. 1 the two Dost be divided into three 
IV. equal parts, that boat which is double in weight to 
the other, will move thro one of thoſe parts in the 
ſame time that the Ar moves (thro? the other 
4% not: 2 2117 01 121 9 120 1 511 
As adtion and reaction are * with regard to 
attractions, ſo are they likewiſe in reſpect of ſtrokes 
or impulſes made by bodies, one u n another; the 
 forge-of ;two bodies, ſtriking eae eber! equally, 
affecting the motions of bothy and pos N 24 
changes therein towards-contrary 
y. of action and nate do. The 0 laws 
Which 4 been collected concerning the colli- 
. ef--folid" bodies in a great meaſure: depend; 
Which laws, as they relate to bodies void of elaſti- 
city, K ſhall now. explain; in doing of which; I 
ſhall. lay. down onen general PROPOSITION concern- 
ing the eolliſion of ſuch bodies, whence I ſhall de- 
duce the Jaws of eee, caſes; and at the ſame 
time confitm each wiby an ex periment. BY 
The Px OPOSITION/ i is as follows: 2 bodies 
void of elaſticity move in one right line, ebher the one 
or, contrary ways, ſo as that one body. 
redtly a gainft the: other; let the ſum 9 2 mT 
befara 1 the firoke iuben they move the ſame. way, col 
the differende of their motions; when they vnc 
2ways, be divided inta two fach' parts" as are propor- 
tional to the quantities of matter in the bodies; and 
each: of theſe parts will reſpedively exhibit the: motion of 
5 each, body after the ſtrokei\ For inſtance; if the quan- 
_ tities of matter ino the bodies betas two and one, 
and their motions befbrs the ſtroke as five and four, 
then the ſum. of theit-motions is nine; and the diffe- 
rence is one; and therefore when they move the 
og way, the. motion of that body, which is as 
wo, will after the ſtroke be ſix, and che motion 
1 1 other three: but if they move contrary ways, 
Woche of the * Tour after the ſtroke will 
$4 jt be 
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of one,” : 9.77 Labs 1503 


For ſince the bodies are ſu opaſed” del 


elaſticity, they will not ſeparate 4m the ſtroke, biit 
move together with one and the lame velocity; and 
of conſequence,'their motions will* be proportional 
to their quantities of matter; and from the equality 


of action and reaction it follows, that no motion is 


either loſt or acquired by'the ſtroke when the bodies 


move the ſame way, becauſe whatever motion one 


body imparts to the other, ſo much muſt it loſe of 
its own 3 conſequently the ſum of their motions be- 
e the ſtroke is neither increaſed nor diminiſhed 
** ſtroke, but is ſo divided between the bodies, 
as ; thas they may move together with one common 
velocity, that is, it is divided between the bodies in 
proportion to their quantities of matter; but it is 
otherwiſe,” here the bodies move contrary ways 
for then the ſmaller motion will be deſtroyed by 85 
ſtroke, as alſo an equal quantity of the greater mo- 
tion, becauſe action and reaction are equal; and the 
bodies after the ſtroke will move together” equally 
fwift, with the difference only of their motions be- 
fore the ſtroke ; conſe quently, that- difference'i is by 


means of the ſtroke divided between chem in Pro- 
Portion to their quantities of matter. 


4's »a be 


The ſeveral particular/caſes-concerning «lis colli- 
ſion of bodies may be reduced to four general « 'ones. 
For, 1ſt, it may be that one body only is in motion 
at the time of the ſtroke. Or, adly, they may both 
move one and the ſame way.” Or, 3dly, they may 


move in direct oppoſition to each other, and that with 


equal quantities of motion. Or, laſtly, they may be 
carried with unequal motions in direction contrary 
to each other. As the bodies may be either equal 
or unequal, each of theſe four general caſes may be 
looked upon as conſiſting of two branches; and as 


ſuch I ſhall Gonfider them, and treat of them in the 
I | _ wherein I have laid them down. 


As 


be two thirds' of one, and of the leſſer one third 1 gl 
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As to the firſt, if 2 body in mation ſtrikes: ano; 
ther equal body at reſt, — will by the propaſition 
Movxę together, xach of them. with ane half of the 

tion that the body had which was in motion be- 

e the ſtrake ; and ſines the quantity: of motion 

any. body, is as the product ariſing from the mul. 
tiplication of its quantity of matter into its veloei · 
fy ; the common velocity of the two bodies, will 

but one half of the velocity of the 3 

before the ſtroke. For the confirmation whereot, 
let two equal balls of day; be. ſuſpended from two 
pins of an equal height,” by threads of an equal 
length; and in ſuch a manner, as that when 
hang freely they may juſt teueh one another, and 
that their centers and point of eontact may lie in a 


night line parallel to the horizon. This being done, 


and ane of the balls being at reſt, let the other be 
remoyed to any diſtance from it, and then let fall; 
it will in its deſcent deſcribe the arch of a cirele 
and by the time it arrives at the loweſt point of the 
arch, that is, when it comes to touch the quieſcent 
ball, it will have acquired ſuch a velocity as would 
carry it to the ſame height from which it fell, as _ 
ſhall be ſhewn when I come to treat of pendulums; 
and conſequently, if the other ball was removed, 
would actually aſcend to chat height ; but upon 
ſtriking the ↄther ball, which is of equal fize, it 
will communicate one half of its motion to it, and 
they will move tagether with half the velocity that 
the moving body had at the time of the ſtroke, ſo as 
to aſcend to one half only. of the height from which 
the ſtriking body fell. | 

That the nature of this and. the other experi- 
ments relating to the colliſion of bodies may be 
more readily comprehended ;. I ſhall lay down ſome 
things concerning the motion of bodies thro' the 


arches. of. circles, the truth whereof ſhall be de- 


monſtrated in my lecture upon pendulums. And 
hs all the arches of a circle, provided they be 
4 not 
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nat large, are deſcribed in equal times by bodies 1 


deſcending along them; and therefore if 'two' bo- 
dies be let fall at the ſame time, one from C and the 
other from E, or from D and F, they will both Fi 
arrive at the loweſt point B at one and the ſame 


time; and thetrake of the ſubſequent body upon 
the preceding will be made at B: and for the fame 
reaſon if one be let fall from C, and the other 
from D or F, or one from E, aud che other from 
D or F, they will moet and ſtrike one another 


at B. 
2dly, The velocity whinhia body aequithy in PI 
ing thro? the arch of a eircle, is as the chord of the 
arch; that is, the velocity of a body which has fallen 
from C to B, is to the velocity of a body that has 
fallen from E. to B, as tlie chord C B to the chord 
E B. And here I muſt obſerve to you, that when 
in the following experi I ſpeak of a body fall 


ing from, or riſing to any height, as four, ſix or 


ten inches, I would be underſtood to mean it of à 


body's falling thro? or moving up an arch, whoſe 
chord is of ſuch a length. 


zdly, The velocity wherewith a bed be gins to 
riſe up thro! the arch of a circle, is as e chord of 


the = which the body deſcribes: in its aſcent. 
Thus the velocity wherewith a body begins to move 
from the point B towards D, if it aſcends as high 
as D, is as the chord BD; but if it ariſes only to F, 


the velocity i is as the chord B F. Se that in the er. 


periments the chords of the arches thro* which the 
bodies deſcend, expreſs the velocities of the bodies 
in the point B at the time of the ſtroke; -and 
hank of the arches thro* which the bodies aſcend 
after the ſtroke expreſs the velocities of _ bodies 


Ammedaately after the ſtroke. 


Theſe things being laid . 1 ſhall 800 pro- 
ceed to determine the laws of the four general caſes. 
As to 5 firſt, it has been 2 ſhewn, that 

where 
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where the moving body is equal to the quieſcent, 


+4 


the common velocity of the two bodies after the 
ſtroke, is but one half. af the velocity of the moy- 


ing body before the. ſtroke; and of conſequence, 


the motion of each body after the ſtroke, is equal 
to one half of what the moving body had before 
the ſtroke. But if the quieſcent body differs in ſize 
from the moving body, then the common velocity 
after the ſtroke will be ſa much leſs than the velo- 


city of the moving body before the ſtroke, by how 


much the ſum of the two bodies exceeds the body 
which was firſt, in motion. Thus, if the moving 


As to the ſecond. general caſe, where both the 
bodies are in motion before the ſtroke, and move one 
and the ſame way: In order to find their common 
velocity after the ſtroke, let the ſum of their moti- 
pns. betore the ſtroke be divided by the ſum of the 
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velocity. Wherefore, if two equal, balls of clay 


63 


bodies, and the quotient will axpeal the common. 2 


be let fall at the ſame time, one from the «5 of, Fs 16. 


three inches, and the other from the height of fix, 
after the ſtroke they will aſcend to the height of 


four inches and an half; for as in this caſe the bo- 


dies are equal, their motions are as their velocities, 


that is, as ſix and three, the ſum of which being 


divided by two, the ſum of the bodies, gives four 
and an half for the common velocity after the 


ſtr oke, 


Where the bodies are unequal, let us ſuppoſe the 


preceding body to be as one, and to fall from the 


height of three inches as before, ſo that its quantity 
of re will be as three; and let the ſubſequent 
body be as two, and fall from the height of ſix 
inches, ſo that i its quantity of motion will be twelve; 
and the ſum of the two motions will be fifteen, 
which being divided by three, the ſum of the two 


bodies, gives five in the quotient; ſo that in this caſe 


after the ſtroke, the balls will aſcend, to the height 
of five inches, and the motion of the greater will 
be as ten, and that of the ſmaller as five. 

As to the third general caſe, where the bodies 


move in direct oppoſition to each other, if they 


have equal quantities of motion, they will upon 
the ſtroke loſe all their motion, and continue at 
reſt; for by the propoſition, the bodies after the 


| ſtroke will be carried with the difference of their 
motions before the ſtroke; which difference is ſup- 


poſed to be nothing. Wherefore, if two equal 
balls of clay be let "Al at once from equal heights, 
upon the ſtroke they will ceaſe to move; and the 
ſame. thing will Ke where the balls are unequal, 
provided the heights from which they fall are reci- 
procally proportional to their quantities of matter; 
for inſtance, if the balls be as one and two, let the 
former fall from the height of ſix inches, and the 
ſe from the height of three, and upon their 

| meeting 
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Lier. meeting they will ſtand ſtill, for in this caſe, «the 


| uantities of motion, wherewith oppoſe each 
e 
When two bodies meet with unequal. quantities 
of motion, if the difference of their motions be di- 
vided by the fum of the bodies, the quotient will 
expreſs their common velocity after the ſtroke; 
for by the propoſition, the difference of their mo- 
tions efore the ſtroke is equal to the ſum of their 
motions after the ſtroke, conſequently, that diffe- 
rence divided by the ſum of the bodies muſt give 
Exp. 20. the velocity. Wherefore, if two equal balls of 
clay be let fall at the ſame time, one from the 
height of three inches, and the other from the 
height of ſix, after the ſtroke they will aſcend to- 
1 * to the height of an, inch and an half; for 
nce the balls are equal, their motions will be as 
their velocities, that is as fix and three, the diffe- 
rence whereof is three, which being divided by two, 
the ſum of the bodies, gives one and an half m the 
Exp. 21. quotient. If the balls be unequal -in the propor- 
tion, for inſtance, of two to one; and if that, which 
is as two, falls from the height of fix inches, and the 
other from the height of three; after the ſtroke 
they will aſcend together to the height of three 
inches; for the greater ball being as two, and its 
velocity as fix, its motion is as twelve; whereas the 
fmaller being as one, and its velocity as three, its 
motion is likewiſe as three, which being ſubducted 
from the greater motion leaves a remainder of nine; 
and this 3 divided by three, the ſum of che 
bodies, gives three for the common velocity, or the 
hei ht to d bich the bodies will riſe. 

n order to diſcover the quantity of motion Soth 
municated by one body to the other, I ſhall- lay 
down' four rules adapted to thefour general cafes. 
And Firft, if one of the bodies be quieſcent at the 
time of the {troke, let that body be multiplied into 


the common velocity after the ſtroke, and the Pro- 
duct 
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as the quieſcent body is ſuppoſed to be infinitely 
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duct will expreſs the communicated motion. For 
fince that body had no motion before the ſtroke, it 
is manifeſt, that whatever motion it has after A 
ſtroke muſt be communicated to it by the ſtriking 
body; but that motion is as the product ariſing 
fk themulti ion of the quantity of matter in 
the body inte the common velocity; conſequently, 
that expreſſes the communicated motion. 
Since the body which is at reſt before the ſtroke 


has no motion but what is imparted to it —— the 
ing 


ſtriking bot and ſince the ws of the ſt 

body is by poſition to be divided between 
the two bodies in proportion to their quantities of 
matter; it follows that where the ſtriking body is 
greater than the quieſcent, it will communicate leſs 


than half its motion, and where it is equal to it, it 


will impart one half; and where it is leſs, more 
than one half; and if the quieſcent body de infi- 


is in effect the caſe-where the quieſcent body is fixed, 


ſo as not to'gire way to the ſtroke, the ſtriking 


body will impart all its motion to the other; for 


greater than the ſtriking body, the motion, which it 


receives from the ftriking body, muſt bear an in- 


finite proportion to the motion remaining in the 
ſtriking body; but as the motion communicated is 


a finite quantity, it cannot bear an infinite propor- 


tion to the remaining motion, unlefs that remai 
motion be in Its” evaneſcent ſtate, and reduced to 
nothing. = 

When both the bodies are in motion before: the 


ſtroke; and their motions are directed the fame 
way, which was the ſecond general caſe; the rule 


for determining the quantity of motion communi- 
cated is as follows. Let the preceding body be 
multiplied into the common velocity after the ſtroke, 
and from the product let the motion which it had 


before 09 ſtroke be ſubducted, and the remainder 


will 
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will be the motion communicated. For the product 
ariſing from the multiplication of the preceding 
© body into the common velocity gives the whole 
motion of that body after the ſtroke; 3 and therefore, 
if from thence be taken the motion which it had 
before and independent of the ſtroke, the remainder 
muſt be the motion acquired by the ſtroke. '*' © 

When the bodies move towards one another with 
equal quantities of motion, as in the third general 
caſe; the motion communicated is equal to the 


motion of either before the ſtroke. For as in this | 


caſe, both their motions are deſtroyed by the ſtroke; 


it is plain, that whichever of the bodies is conſidered 


as giving the ſtroke (and either of them may) 
1t muſt communicate juſt as much motion to the 
other, as the other has at the time of the ſtroke, 
for by this means the motion communicated, as it 
is directly oppoſed to the former motion of the 


bod — * will be juſt ſufficient to deſtroy the ſame, ang 
by ſo 


doing cauſe the body to reſt. 
When the quantities of motion in two. bodies 
moving directly towards each other are unequal, 
which is the fourth general caſe; the motion com- 


municated is determined by the following rule. 


Let the body which had the leſſer motion before 
the ſtroke be multiplied into the common velocity 
after the ſtroke, and to the product let the motion 
which it had before the ſtroke be added, and the 
ſum will be the motion communicated. For as the 
body, to which the motion is communicated, does 
after the ſtroke move in a direction contrary 'to. 
what it did. before, it 1s evident, that beſides the 
motion wherewith. it is carried in-that contrary di- 
rection, it muſt have received as much more in the 
ſame direction, as was ſufficient: to withſtand; the 

motion it had before the ſtroke in an oppoſite di- 
rection; for till that motion was deſtroyed by an 
equal motion oppoſed thereto, the body could not 


change its direction, and move back ware. 
; LECTURE 
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"AVING given you an account of the colli- 
ſion of bodies void of Elaſticity, I come now 
to conſider the effects thereof in ſuch as are — 5 
by which I mean bodies that conſiſt of ſuch 
as yield and give way when preſſed, and whic rhy 
ſtore themſelves upon the removal of the preſſure: 
if the force wherewith they reſtore themſelves be 
exactly equal to the preſſure whereby they are bent 
inward, then are the bodies ſaid 65 be perfectly 
'elaſtick; and ſuch are all thoſe bodies ſuppoſed tb 
be, Wherew-ith experiments are uſually made for 
confirming the theory relating to the collifion of 
elaſtick bodies; but as there is not perhaps in nature 
any body perfectly elaſtick, if among the experi- 
ments that are now to be made, any ſhall be Nun 8 
to vary a little from the theory, ſuch variation muft 
be looked upon as riſing rather from the want of 
rfect elaſticity in the bodies, than from any error 
in the theory itſelf, or in the calculations grounded 
thereon. J 

The method which ſhall obſerves in treating of 
the percuſſion of elaſtick bodies is this; Firſt, to 
lay down one AN propoſition concerning ſuch 

ron, then, Secondly, to deduce the laws 

Lee to the four general caſes mentioned in my 

laſt lecture, and to confirm each of thoſe laws by 
riments. . 

Before I lay down the propoſition; I muſt obſerve 
to you,' that 3 F mention the ſtriking body, 
I thereby mean that body which is in motion where 
one of the two is quieſcent, às alſo that body whic 
moves ſwifteſt when they both move the ſame wa 
_ laſtly, that body which has the greateſt quad; 
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ſame or contrary ways, ſo as that one ſhall Arik 
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Laer. tity of motion, when they move in oppolition to 


one another, or in this caſe, if their motions be 
equal, then either of them! may be taken indiffe · 
rently for the ſtriking body. 

This being premiſed, the PROPOSITION ; is as 
follows. 
Tf o yoo bodies, per hgh? Ys ch, une be at reſt; and 
11 er in motiem; or both Move or | 2 


other; let them be — — a vaid elaſticity, yy 
by the propofition laid down in my laſt lefture, let the 
motion of = body. after the rok be found, and by 
one of the faur rules laid down in the ſame lecture, let 
the motion communicated by the. friking body to the 
other be libewiſe found; and let this motion' fi ſub- 
Aucted from 1 motion F the ſtriking body after the 
Arale, and added to that of the bod — 1 
15 rote, and the reſidue efedue will. be - * motion 
ing body, and the ſum the motion of the . Po 
8 reflection. For, ſince the bodies are ſuppoſed to 
Ber- ly elaſtick, their parts which are bent in 
by the ſtroke will reſtore: themſelves with a force 
Me to that which bends. them in, but the force 
which bends them in, is meaſured by the quantity 
of motion communicated by the ſtriking body to 
the other, and therefore the parts of each body 
which are bent. inward will teſtore themſelves: Noo 
ſuch a force, as is ſufficient to generate a motion 
equal to that which is communicated; conſequently 
the bodies will by virtue of their elaſticity. throw 


one another contrary ways, each with a quantity 


of motion equal to that which the . ſtriking body 


communicates to the other; for whi reaſon, if 


that motion be ſubducted from the motion re- 
maining in the ſlriking body, aſter the ſtroke, as 
being contrary thereto; and added to the motion 


of the other body after the ſtroke, a8 conſpiring 


therewith, the reſidue and ſum will give the true 
motions of the pods: aſter 'TeleQion. wiitci bos 


To 
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Me apply what has been ſuid to the fout genetal 
caſes, the art whereof is wherę one of the bodies 
is at reſt at the time of the ſtroke. If a body per- 
ſectly elaſtick ſtrikes another of the ſame kind and 
of equal magnitude at reſt, the ſtriking body wil 
communicate all its motion to the other and remain 
at reſt; for h y the firſt of the four rules laid down 


in my laſt re, the ſtriking body will upon the 


ftroke, communicate half its motion, and by the 
propoſition now laid down, a quantity of motion 
equal to that which is communicated, mult be. ſub- 
ducted from the motion remaining in the ſtriking 
body, and be added to the motion of the body 
which receives, the ſtroke, by which means the 
ſtriking oy We have no motion left; but the 
other bod ill have a quantity of motion equal to 
what tlie body had re the ſhock. For 
the confirmation of or ig let two. equal ivory, balls 
be ſuſpended as were thoſe of clay; and let one of 
the balls fall from any height, and ſo. as to ſtrike 
the other at reſt, the ball which 3 the ſtroke 
will aſcend to the ſame height from which the er 
fell! and will leave the other at reſt. 
If inſtead of one there be two; three, or more 
quieſcent balls contiguous to one another, that which 
is fartheſt removed from the ſtriking ball will fly 
off with the velocity of the ſtriking ball, and al 
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the intermediate balls together wi the f | 


balbwill-quieſce for as the ſtriking ball imparts a 
its motion toi the firſt of the quieſcent;balls, ſo does 
that in like manner to the ball which, lies next be- 
yondꝭ it, and: that again to a third, and ſo on; till 
at lengtii the. laſt Fall meeting with none other 0 
refiſt it, flies off with all the motion of the ſtriking 
—_ leaving that and the intermediate ones at 
1 75 
if two balls be let fall together contiguous to one 
.anothes, upon tlie ſtroke the two fartheſt will fl 


| off, leaving the others at reſt; for as the foremo g 
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of the two moving balls is carried equally ſwift with 
the ſubſequent; it eannot during its motion receive 
any impreſſion from the ſubſequent ball; conſe- 
= when it makes the ſtroke, it will produce 
E ſame effect in the quieſcent ball as if the ſub- 
it ball was away; that is, it will by means of 

the intermediate balls communicate all its motion 


to the laſt, and make that fly off; but no ſooner has 


it made the ſtroke, and thereby parted with its own 


motion, but the ſubſequent ball impels it, and im- 


parts to it all its motion, and this motion being 
propagated through the ſeveral intermediate balls as 


before, makes the laſt but one to fly off, and that 
in ſuch a manner as to keep pace with and cloſely 


purſue the other; becauſe in the ſame inſtant of 
time that the foremoſt of the two moving balls 
makes its ſtroke, it likewiſe receives the ſtroke from 
the Hindmoſt ball, and of conſequence, the flying 
off öf the two laſt balls, which is the effect of the 


double ſtreken muſt S 2 7 at one and the lame 


time: 
' Pornhie: fans fealos that two o balls gyn off ide 


the number of ſtriking balls is two, three will fly off 


when there ate three ſtriking balls, and four, where 


| there are four; and ſo on; whatever be the number 


of ſtriking | balls; un Squat namber will er 0 
go off. I 3012 


If two elaſtick . adiqualy be i inflancey if 
one be double the other,” and if the greater be let 


fall from the height” nine inches, and ſtrike: the 
ſmaller at reſt; "they will both move forward after 
the ſtroke, the ſtriking body wittrone' third of the 
motion which it had before the ſtroke,” and the other 
with two thirds; and the ſtriking body will aſcend 
to the height of three inches, and the other to the 


height of twelve. For fince the ſtriking body is to 


the quieſcent 'as two to one, it will by the firſt of 


the four rules laid down in my laſt lecture, commu» 
nicate one third of its motion to it, and on account 


of 


0 . ̃ ᷑᷑ ß) ̃ ] ;- ̃³² wen ie 
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of the claſticity a quantity of motion equal to what Laer. 


iz oomniviinitated,:: maſt; Be taken from tlie motion V- 


remaining in the ſtriking body; and added to:the = 
motion of the ather; co ently, the ſtriking 
body will retain; one mird j of- ita motion, the 
dther two thirds being coniniunicated to the 
re receives the ſttoke; therefore ſinoe the ſtrik⸗ 
„ as two, and the heighe from which it 
ad nine its motion muſt be'ias eightden,/ ons 


; — of which; to wit, fix; it will retain after the 
reflection; and: the other two-thirds; to wit, twelve; 


will be the fniotion of the ottiet: body; and theſe 
motions being divided by the bodies, will give: three 
and twelve for; the quotients; which quotients are 
as the velocities of. the bodies OP teſteTtion, or an 
tlie heights to Which they aſcend. | 11 81 

On the other hand, if the larger bal be quieſeeiit, Exp. 6: 
and the ſmaller be let fall from the height of nine 


inches, its motion will be as nine, whereof! two 
thirds will by the firſt of the four rules be commu⸗- 


nicated by'the:. ſttoke to the greater, and one third 
only will remain in the ſtfiking ball, from which 
on adeount of the elaſticity: muſt be taken as much 
as Was em amy to the farger ball, that is, two 
thirds; bat upon ſubducting two thirds from one 
third, there will- remain one third negative, which 
ſhews, that: the ſtriking ball will be reflected with 
one third of the motion it had at the time of the 
ſtroke, ſo as to aſcend backward to the height of 
three inches; and the quieſcent ball, to which two 
thifds of the ſtriking ball's motion was commu- 
nicated by the ſtroke, will likewiſe. on account of 


the elaſticity receive two thirds more, ſo as to he 


carried forward with a motion equal to what the 
ſtriking ball had at the time of the ſtroke, and one 
third more; that is to ſay, with a motion whidtr is: 
as twelve, which being divided by two, the — 
of matter in the ball gives fix for the velocity, or 

the height to which _—_ ball muſt aſcend: 
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From what has been ſaid: it follows, that when 
the quieſcent ball: is ſmaller than the ſtriking ball; 
there can be noirefteRtion, Lecauſe in that caſe the 
ſtriking ball will by virtue of the ſtroke commu⸗ 
nicate leſs than half its motion, and the motion which 
is to be taken from the ſtriking ball on account of 
the elaſticity being equal to the motion communis 
cated, will upon the ſubduction always leave ſome 
motion in the ſtriking ball to carry it forward, con- 


: tly it cannot be reflected. Where the tuo 
balls are equal there will likewiſe: be no reflection, 


but the ball which was quieſcent will go forward 


with all the motion of the ſtriking ball, and the 


ſtriking ball will become quieſcent; as is evident 
from what has been ſaid concerning that caſe. But 
where the ſtriking ball is leſs than the quieſcent, it 


will be reflected, and there will hkewiſe be an aug - 


mentation of motion in the greater ball; for the 
ſmaller ball muſt upon the ſtroke communicate 
more than half its motion to the greater ball, and 
there muſt likewiſe, on account of the elaſticity, as: 
much motion be ſubducted from the knaller ball, 
and added to the 4 

fore, ſince two equa 


as is communicated; where 


given to the larger; it is plain, that the ſmaller 
muſt loſe all its motion and ſomething more, that 
is, it muſt be carried backward or reflected; and 
the greater ball muſt go forward with more motion 
than was in the ſmaller at the time of the ſtroke, 
that is, there will be an augmentation of motion, 
and the exceſs of motion in the greater ball, above 
the motion which the ſmaller ball has at the time of 
the ſtroke, is ever equal to the motion wherewith 
the ſmaller ball is reflected after the ſtroke, as is evi- 
dent from what has been ſaid. If thefore motion 


be communicated from a ſmaller elaſtick body to a 


larger, by means of ſeveral intermediate bodies each 
1 larger 


quantities of motion, each of 
which exceeds half of the ſmaller ball's motion, 
are to be ſubducted from: the ſmaller: ball, and 
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„ 


larger than the other; the motion will be augment- Lzer. 


ed in each of them, and the motion of the laſt wil! V. 
. 


greatly exceed that of the firxſt; and this augmen- 
tation of motion is greateſt when the bodies are in 


a geometrical progreſſion; for inſtance, if there be 
two bodies which are as one and four, and if the 
ſmaller communicates motion to the larger by means 
of one intermediate body; the motion will be great - 


er in the larger body, if the middle body be as two, 
that is, a geometrical mean between the two, than 
if it be as one and an half, or two and a half, or 
three, or in ſhort in any other proportion what- 
ever but that of the geometrical mean. For the 
proof of which, let the leſſer body be expreſſed by 
unity, and the larger by the ſquare of a, and the 
geometrical mean will be expreſſed by a; ſo that 
the three bodies taken in their order from the leaſt, 
will be expreſſed by the ſymbols in the firſt ſtep, 
and the motion produced in the ſecond body by the 
ſtroke of the firſt, will be expreſſed by the ſecond 
ſtep; . and the motion produced in the third by the 
| ſtroke of the ſecond, will be expreſſed by the third 


ſtep. Again, let another body greater or leſs than a 


be ſubſtituted in the room thereof, and let the dif- 
ference between that body and a be called x, in 
this caſe, the bodies will be expreſſed by the ſym- 
bols in the fourth ſtep, and the motion produced 
in the ſecond by the ſtroke of the firſt, will be ex- 
preſſed by the fifth ſtep ; and the motion produced 
in the third by the ſtroke of the ſecond, will be ex- 
preſſed by the ſixth ſtep; but this fraction of the 
ſixth ſtep is leſs than that of the third ſtep, for if 
from the product ariſing from the multiplication of 
the denominator of this fraction into the numerator 
of that be ſubſtracted, the product which ariſes from 
the multiplication of the numerator of this into the 
denominator of that; that is, if from the ſeventh 


ſtep the eighth be ſubducted, there will remain 


the quantity which is expreſſed in the ninth ſtep. 
2742155 F 2 Whence 


% 


r 
— * x pi 


: | N Ro” 


* 


— —— _— —. — = 
fot Is AG —˙—— a > 4 — —— —K 


2 „ * 


—_ gx 5 


— — 


. 


wad * 
ran CLE OTE a 
03+ Ingen 0 a 


— 2 
— 41 - 


Or THE (COLLISION: or 


Whence it appears, that the former product is 
greater than the latter; and therefore, by the 2d 
Cool. of the 19th Puor. of the 7th book of the 
Ws cs = the numerator of the former fraction bears 
a greater proportion to its denominator, than that 
of the latter fraction does ta its denominator; that 
is, the fraction in the third ſtep which expreſſes 
the motion of the greateſt body when the interme- 
diate one is a — mean, is greater than the 
fraction in the ſixth ſtep, which expreſſes the mo- 
tion af the greateſt body when the middle body is 
not a geometrical mean; conſequently the motion 
is more augmented when the intermediate body is 
a geometrical mean, that 28 it is * or leſs 
1 A 1 2057 i 


1ſt. 1, a, a*, 


3 . 


4th. 1, a+x, a“. 


1+a+X 


a Ta x 


5th. 


a? ＋ 2a * a+ a L 


7th. a*+20%+0*%b2*x+20*x44*X42"; * 
8th. ail ee +22" Tea. ga x. x. 


gth. eee Xx 


To give you an inſtance, how prodlgieuſiy u mo- 


tion may be augmented, by being ſueceſſively com- 
municated to ſeveral bodies in a geometrical pro- 


a greſſion; 


ELABTICK BODIES: | 


greſſion; if twenty elaſtick bodies be placed one L 

f . ſucceeding body exceeding the 

ore on of twenty to one; and 
— . e 


if the motion be thro? 155 ſeveral in- 
termediate bodies from the firſt to the laſt; it will be 
ſo far augmented, as to be two hund d thouſand 
times greater in the laſt body than in the*firft; ſo 
that if we ſuppoſe the fitſt to be a cannon bal, 
moving with the ſame velocity where with it "flies 
from che EN of a cannon, which from the ob- 
ſervations of Mr. DERHAR, 1 ſhall ſuppoſe ro be 
ut the fate of 612 feet in 4 ſecond, the? there are 
des of cannon which diſcharge their balls with 
ouble thatvelouty, the motion of the laſt body 
will be ſo great as if applied to the ball would car 
it at the rate of above twenty tliree thouſand: miles 
in one ſecond of time; which Velocity is, five" — 
fand times as great as che velocity of a body revo 


ving about the earth, by the ferfee of gravity zt a 
mall diſtaneꝶ from its fürface; for a bod [o revol- 


ving will not ebme round in les than an hour and 


ewerity-Folt minutes. 
From che inkreaſe of molle in Lehnt olbe a 


reaſon may be drawn 8 augmentation 'of - fond 
* Cakes 4 trumpets; for'us the "ſpeaking trumpet 
is narroweſt at the mouth: piece, and thence widens 
and inlarges continualty to the extremity; ' the = 
within it, which is an elaftöck id, 2s ſhall be ſewn 


hereafter; may be confidered'as divided into a great | 


number of! cylindrical bodies; of very ſtall 

equal altitudes, the baſis ef Ife firſt being equal th 
the mouth of the trumpet; und the baſis Oft che reſt 
increaſing” one #bbye another us ek, are more "and 


more removed from the mouth; n- Which ac- 
drei b 


count the motion that is imp y the force of 


the voice on the firſt eylifdtical body of air, grows | 
larger in the ſecond, and larger ſtill in the third, 
and ſo on, till at length at the exit of the tube it 


horuntes ſo large as to magnify the ſound to a great 
degree 
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0 rection, 
take and ſtrike the other, upon the ſtroke they will 


Or THE COLLISION or. 


4 egree; and of the ſeveral Kinds of trumpets, thoſe 
2 9 the ſound moſt, that are of ſuch a. figure as 
u from the revolution. of the logarithmic] .curve 
about its axis; that is, let A G be the logarithmick 
curve, and. H O its axis, che figure ariſing from the 
revolution of A G about H O, is ſuch. as a ſpeaking 
trumpet ought to have in order to give it the great- 
eſt advantage poſſible. For from the nature of the 
curve, if HI, IK, KL, LM, and fo. on, be taken 
equal; the ordinates HA, IB, KC, LD, and fo 
on, are in geometrical proportion; wherefore if 
HI, IK, 194 ſo on, be taken very ſmall, they 
wall repreſent the. equal attitudes of the cylin- 
drical bodies of air in the trumpet; and the ordi- 
nates HA, IB, and ſo on, will be the radii of their 
baſes, and he bodies of air being of equal heights 
will be to one another as their baſes, that is, as the 
ſquares: of their radii; but the radii. being to one 
anothęr in a geometrical proportion, their 4 — 


will be ſo too; conſequently, the little cylindrical 


bodies of air will be in a geometrical, progreſſion, 
the ſmalleſt whereof | 1 40 next * ner and — 


48 


But to Þ hte to — 1 gk os * 
in both the bodies move one and the ſame yay, but 
the ſubſequent more ſwiftly than the preceding. 727 

If two e N elaſtick — 5 move in the ſame di p 

in ſuch a manner as that one may oyer- 


change their quantities of motion with each other; 
for inſtance, if the motion of the ſubſequent body 
before the ſtroke be double the motion of tlie pre: 
cedipg body, then will the preceding body after the 
ſtroke have double the motion of the ſubſequent 
body after the ſtroke; and the preceding body af. 
ter the ſtroke, will mpye with the ſame yelocity 

| where: 


* a 
e 2 * 12 2 
« 
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wherewkhi the ſubſequent body Moved hefore the 
ſtroke; and the ſubſequent bsdy will after the 
ſtroke be earried/with the velotity — _ receding 
body before the/ſtroke; To'that'upo oke the 
badies will change their — and ks For 
ſince by ſuppoſttlon the ſum of the motions is three, 
and "fince'the bodies are equal, the motion of each 


1 
* 


— 


after the [trokey ſetting aſide the elaſticity; muſt de 


one and an half; and by the ſecond rule for deter- 
mining the quantity of motion communicated- by 
the ſtriking body to the other, the motion” com- 


municated in this caſe will be as one half, and ſo 


like wiſe will the motion ariſing from the elaſticity, 
ich being deduQed-from-#he: motion: which re- 
mains'in-the -ftriking body after the ſtroke, and 
added to chat of the preceding: body, leaves the 
motion of the former as one, and of the latter as 
two; ſo that upon the ſtroke the motions will be 
changed, 5:Wherefore if two ivory balls of am 

ſize be let fall at the ſame time, one from the height 
of ſix inches; and the other from the height of 
three, after the ſtroke, the preceding ball will riſe 
to the height of ſix ee, and W nN 
the height of three only 

If the bodies be unequal and) move'the fame way, 
their motions and velocities after the ſtroke may n 
ke manner he diſcovered by the help of the pro- 
poſition. For inſtance, if the fabſequent body be 

_ two, and have twelve parts of motion, and the pre 
deding body as one, and its motion as three; " 


—_ _ the ſubſequent” body after the ſtroke will 


ht, and that of the preceding body as ſe- 
ä Bey velocity of the former will be a8 four, 
and that of tha latter as ſeven for the ſumiof the 
two motions: before the ſtroke being fifteen, and 
the bodies being as one and: two, the motiom pf the 
leſſer body after the ſtroke, ſetting aſide the elaſti- 
city, will be as five, and that of the greater as ten; 
oy the motion of the lefſer body before the ſtroke 


was 
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PE RS —— conſequentlys the rommunicated: mo- 
— tion is as tu wer foxe adding ſo much on account 
of the elaſtigity tq:4he motion ofb the eller body, 
and . mucho frem ahnt. of ths -greater 
ae „Which in this caſe is the ſtriking body, ve 
ſhall haye eight forithe motion of the gremer, whien 
being dixided by twofuhe quantity of matter in the 
glenter r gives four for, its velocity san we _ 
Rave ſeyen for: the motion of the leſſar — 
becauſe the quantity ot matter in the leſſer e A 
ones will like wiſe expreſs the velocity] 1 
Exp. 8. if tyra ivory balls, ons aduble f thecothiri be let fal 
at the ſame. time, the larger from the Height of fit 
joches, and the ſwaller from the ibeightiof threes 
after the ſtroke the leſſer will aſcend to the height: of 
ſeven» inches, and a the greater to the: height af 
Exp. 9. fqurz1::Ov the other hand, if tha ſmaller ball Phe ler 
e height of ſik ine hes, and the-preater - 
3 height of: threes; after the ſtwoke the leſſer 
aſcend to the beight af two inches, and tlie 
grentet 0 - the height af fixe, and thel motion of 
She ftinmar will be two, and that of che latter ten; 
for ſinee the ſmaller ball is as unity, aug falls from 
the height of fix inches, its motiat:al the time of . 
the ſtrekx is ſix q andi ſinee the larger bah is as two, 
and falls from the beight of three inched, the mo- 
tion thereof at the: timd ef the ſtroke: gcc likewiſe 
ſiz;! a6d-the:fam_ of thoſe tra motions, which-is 
twelve, being divided between the bodies in pror 
portion ta their quantities af matter, gives right for 
the motion of the greater; and four: fat the motion 
af: the leſſer . ences they would have after 
_ the: {ixoke, fuppo wg they were dot elaſtick:; and 
ſince the wotion of: the greater body before the 
Rrokewasifix, the "ny communicated to it by 
the Moka :is two, which-by reaſon af the elaſticity 
being ſabducted from four, the motion of the 
ſtriking body, and added; to eight, the mation of 
put * ue gives 1 typ and ten. for the mot ions 


of 
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_ of; the twe bodies, which: 8 divided-by Le 
. 7apeQize. bodies, give aan and, fre for the ve-_ 
ities. 07 00 H 
bulf two equal. bodies meet one-another with equal 
quantities of motion, Which is ene. branch of the 
third general. cpſe, they will rebound with the ſame 
motions and: the fame yelocities wherewith they ap- 
projiched ; for were they void of : elalticity they 
would upon ifi role ſtand ſtill,,:berauſe they 
communicate tone another a quantity of motion 
ysl te that which each of them bas at the time of 
ſtrokes: andethat in a contrary direction: but by 
the: propoſitlon, ach: of them muſt on account of 
therielafticity receive as much motion as was com- 


wuzirated by the :Attoke; and the motions which 


ate thus received by the bodies heing equal, and 
contraty to the motians whereby: the bodies meg, 

and vich wire deſtroyed by the ſtroke, — 
garry the bodies haekward with the ſame velocities 
whetewith they: approached... Wherefore, if two 
_ 8qual;ivoty balls he det fall at the ſame time from 
Equal heights, ſo as to meet one another, upon the 
ſttoke they il he reflected back: to the e 
: fromwhich' they! fell. 16 ad a0 


10 Ifathe ballso be unequal; for; inflance, if one the Exp. 11. 


dane othts adde the latger full: from one half 
only of the height from which the ſmaller deſcends, 
by Which means rien they n 0 their motions will 
beequal, and upon the ſtroke they gvill he reflected 
each.$0-the DS Ach. it. 2 Il e 18 

. i: Where the bodies meet one another. wich unequal 
mations,: which is the fourth general caſe, if the 
hadies : be equal, they will both þ be; reflected, and 
each of them will rocede with the mation and yer 
lecity wherewith the other approached; that is, 
they, will, change their motions and velocities; for 
let us ſuppoſe the mbtions of the two bodies to be 
as ſix and three; if they were void of elaſticity the 


Oye __ has the ſmalleſt quantity of motion 


would 


Exp. 40 
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Leer. would upon the ſtroke be turned Back, and is | 
bodies would be carried with the difference of their 
motions divided equally between them, that is the 
motion of each would he as ohe and an half, and 
the motion communicated” would” by the fourth 
rule be as four and an half; but a quanticy of mi6+ 
tion equal to what is communicated: muſt be'fub- 
died from the motion remaining 'in the ſtriking 
body, and added to the motion of the other, — 
is four and an half muſt be ſubducted from one 
and an half, and likewiſe added thereto; wh 
there will be three ne . for the motion of t 
ſtriking body, which ſhews that it will be carried 
back With a "motion which is as: three; and there 
will be fix poſitive'for the motion of the other body, 
which ſhews that it will be carried with a motion 
which is as ſta, in the direction of the ſtriking bo- 
dy before the ſtroke; that is, it will- be reflected: 
10 what each of them will be carried back with the 

Expr iz. notion wherewith the other approached. Where: 
8 fore, if two equal balls of ivory be let fall at the 
Tame time, one from the height of ſix inches, and 

the other from the height of three, upon the ſtroke 

they will return back; but that hic Fel from the 
height of ſix” inches will riſe only to the height df 


three, whergast| that which Sel ous A n will 


1e "(21 FE) 


eee to — 1 * 


the e height of fix — and gr} hs ro the 
height of chree; in this particular caſe, the greater 
ball will upon the ſtroke loſe all its motion, and the 
ſmaller will be reflected with the difference of theii 
motions, ſo as to riſe to the height of nine inches; 
for ſince the larger ball which deſcends from the 


height 


* p ˙¾˙e¾ĩ —” 
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height of fix- inches is a8 two, ith; motion is a 
twelve, whilſt the motion of the ſmaller ball, which 
is as. unity, and deſcends oni front the height of 

| three inches, is as thiee, the difference of which 

motions. is nine; and this being divided between 

the bodies in proportion to their quantities of niar- 

ter, gives fix for the motion of the larger, and three 

fox that of the ſmaller; and vith theſe motions the 

podies would bei catried aſter the ſtroke, ſuppoſing 

— were, void of elaſticity; but becauſe! of the 
icity, a _—_ —— motinn equal to what is 

Senn tee U yi — dody to the other, 

| pune yo this: caſe; 15a $ be taken from the 
otion of the greater y. arid added to that of 
the ſmaller, which tuo motions ſiu and three, 

2 remainder aſter-ſubduRion; whieh expreſſes the 

motion of the greater body, wil be: , 1 

the ſum ariſing from the addition vhich exp 

the motion of the! G@paller ball, wil an = 


| 
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account of e firſ mddifdond. of 1 ws. 
9 powers; commonly called te balance and 
the lever; but hall firſt take noticꝭ of ſome -- 
relating to heavy bodies, rhe: knowledge of 
üs ina great meafüre mee uo dhe right under. 
ſtanding of !what'ſhall be ſaid: concerning” the me- 
chanick powers in general. And Firſt, in every 
body there is a certaim point, common called dy 
the writers of mechanicks, the eenter of Tet 
the nature of which will arts, art wo ts e 
perties, which are theſma. 
- 1ſt,” If a body be ſuſpended by its center of 1 
er it will continue in any poſition 1 
| | wherein 


* 
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On u CENTER] U GRAVITY. 


wherein ĩt is placed; whereas if it be ſuſpended by 
anꝶ other point, it will not reſt in any other poſition 
but where the center of gravity: is either Girectly 
above or directly beneath the point of ſuſpenſion; 
thus, if two beams be ſupperted; the one by an 
axle paſſing thro' its center of . ty; tlie other 
dy an axle which doth not paſ the center f 


gravity; but thro' ſuch a — as when the beim 


dre emovad doevia@gually! daſtem; and, there. 


5 a eee 


is parallel to the plane of the horizon, lies directly 
— the oenter of gravity f the former will f 
in any poſition; whætlier it be ieulary paral- 
lel, or inchned- ue the horizontal! plane; but the 
latter will reſt! in the paralleli poſition only und 
ſhould dt by luny force he remdved from that poſi. 
tion; it will upon the removal, of rhe force, 

to move in order to recover tlie parallel ſition; and 
after ſeveral vibrations will at ettle therein. 
A ſecond property of the cemer of gravity'is, that 
where that is:ſupporied the he b 9 Keewile 
ſuſtained; for which reaſon the whole weight of a 
* may be lqqked upon applięfl to that ſingle 

t, and as centered therein. | 

2 Athird fraqperty.of th oenter . ĩs thaDit contins- 
ally endeavours ta move dbwaward towards the cen- 
ter of the earth, and where all lets and impediments 


an. caſe ba bony dacchettocinducmpunrd 
fosce, of gs with, bit i ill; iiedoundothav the; cane 
vity- deſrands Nori ih aννο appearante do 
— ib w, berfoi placediasſto 
„ Sfnthaiends anch thene to 
reſt upon anchorinantabplanffbfft kriiſſ at itheia: bitt 
end they are: raiſpd a little abegene plan; ànih if a 
ody conſiſtingnafotuymiequat aſimilar cones 
at their baſes, ha laid pon theablers in fuck a 
Ber, that:the edge: of-thiir/bafes/may: lie between 
the rulers, it will when left: tasitſelf begin to roll 
towards the elevated extremũties of tlie rulersꝭ and 


oy * weeceunt appear to: uſcend, whereas! in 
olle reality 


— 


Den 


to the bi 


of the canes which reſt thereon; do by reaſon of the 
of the rulers grow continually fmaller; 


e, Ps 
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reality, it: moves downward ; for if a [ring -be 
ſtretched horizontally beneath the rulers" ſo as that 
it may touch the edge of the baſes of the cones at 


the concourſe of the rulera, it wilb be found that 


the edge of the baſes: defcends below 'the- ſtring; 
and that more and mate as the bady moves nearer 
her end of the rulers. Slot ot abi 
the body rolls upon the rulers, the parts 


wideni 
upon hich account, at the ſame time that the 
body aſcends along the plane of the rulers, it is as 
it were carried down another plane equal in length 
to the ſide of the cone, and whoſe perpendicular al- 
titude is equal to the ſemidiameter of the baſes of 
the cones; and therefore, if the perpendicular alti- 
tude of the rulers in that part where their diſtance is 


equal to the length of the double cone, be lefs' than 


the ſemidiameter of the baſes, the body will move 
up along the rulers, becauſe by ſo doing, it will in 
reality deſcend, and the deſcent thereof will be equal 


to the difference between the ſemidiameter of their 


baſes, and the perpendicular altitude of the rulers 
in that part where their diſtance is equal to the 
length of the cones; but if that perpendicular al- 
titude be equal to the ſemidiameter, the body will 
reſt on any part of the rulers, being carried as 
much upward on one account as it 18 downward 
on the other; and if the altitude of the rulers be a 
little increaſed, ſo as to exceed the ſemidiameter 
of the baſes of the cones, the body will roll down 
the rulers, and thereby deſcend thro? a ſpace equal 
to that exceſs. „ Fats. 3, 11H RD 1 
. If a cylinder be ſo contrived as to have its center 
of gravity near one of its ſides, which may be done 

making a wooden cylinder hollow towards one 
ſide, and then filling it with lead; when it is placed 
on an inclined plane in ſuch a manner as that * 
EFT: ide 


N 
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fide which is neareſt to the center of gravity 
kan towards the upper part of the plane, it 

aſcend, provided the inclination of the plane be not 
too ſmall; but the center of ' gravity will at the ſame 


time deſcend; for it will-fuitably to its nature en- 
deavour to move down ward, and thereby cauſe the 


cylinder to revolve about its axis; and tiiis revolu- 
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wilt 


tion will make: the cylinder and conſequentiy its 


center of gravity, to move up the plane; ſo that 
the center of gravity will have as it were two mo- 
tions, one upward ariſing from the progreſſion of 
the cylinder along the plane, the other downward 
occaſioned bp the rotation of the cylinder about its 
axis; but the deſcent occaſioned by the latter mo- 
tion, will be greater than the aſcent ariſing from the 
former; as will appear by ſtretching a line hori- 

zontally at the ſame height with the center of gra- 


vity hefore the cylinder begins to roll, for after the 


rotation ceaſes the center of gravity will be beneath 
the line; ſo that upon the whole, that center will 
be found to deſcend notwithſtanding the aſcent of 
the cylinder: on the plane 


When the elevation of the plane becomes ſo great 


that the aſcent ariſing from the progreſſion becomes 
equal to, or greater than the deſcent ariſing from 
the rotation, the cylinder will in the former caſe 
continue at reſt, and in the latter roll down the 
plane. b SOX es | 


A line-drawn from the center of gravity, of any 


body, perpendicular to the plane of the horizon. is 
called the line of direction of the center of gravity, 
becauſe when the body is carried downward by the 
force of gravity, if it meets with no let or ob- 
ſtacle, its center of gravity will deſcribe that line. 
The chief property of this line is, that as long as 
its ſalls within the baſe of the body, ſo long the body 
ſtands, whereas no ſooner does it fall beyond the 
| baſe, but the body tumbles; as will appear from 

| | | - the 
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Or Taz MECHANICK.-POWERS. 


ſet on a moveable. plain with a plummet hanging 
from its center of gravity, and let the plane be g 
gradually elavated, till at length the plum - lins 
(which as it is always perpendicular to the horizon, 


will repreſent the line of direction) falls beyond the 


daſe; the wood will not tumble as long as the 
plummet line falls within the baſe, whatever be the 
elavation of the plane whereon it ſtands, but the 


moment that line gets beyond the baſe the body falls. 


The reaſon why a body ſtands. during the eon- 
tinuance of the line of direction within its baſe is, 
that no motion can ariſe in any body from the foree 
of gravity, unleſs the center of gravity can by ſuch 
motion be carried downward; but as long as the 


line of direction of any body falls within the baſe, 
its center of gravity is ſupported, and therefore 


cannot deſcend; and conſequently, the body will 
remain unmoved; whereas upon the removal of the 
line of direction beyond the baſe, the center of 
gravity ceaſes to be ſupported, and is therefore _ 
liberty. to deſcend. 

From what has been: ſaid it appears, why among 
bodies deſcending on inclined planes, ſome, for in- 
ſtance cubes, only flide, whilſt others, as globes or 
cylinders, roll; the lines of direction "all 
neath the baſes of the former, but not the latter. 

The center of motion in any body is a fixed 
point or axis about which the ſeveral parts of a 
bedy do move, and in mou: Fre circular 
arches. ; 

The direQion. os any. power or nig i is, that 
irait line wherein it moves or endeavours to move. 
And the moment of any power or weight is, that 
force wherewith it either moves or endeavours: to 
move, and it is always proportional to the product 
ariſing fcom the multiplication of the power or 


weight into the velocity wherewith it moves or 


would move if it were not hindered by ſome op- 
3 


ling be⸗ 
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Lecr.: poſite power or weight; and therefore if the ptds | 


VI 


duct ariſing from the multiplication of one weight 


e Eee 
ing 


ariſing from the like multiplicatian of any other 
weigkt or power into its velocity, the monients 
of thoſe two weights or powers niult be equal; and 
this will always: be where the weighis or powers ard 
to one another reciprocally as their velocities; co 
fequently, two weights or powers may balance, if 
as much as one exceeds the other in magnitude, ſo 
much muſt it be exceeded be the òther in velocity ; 


and herein conſiſts the whole force and efficacyiof 


all mechanical engines; for they are fo:contrived:as 
to diminiſh the velocity of one weight or power and 
to inereaſe that of the other, by which means a very 


Mall be ſaid concerning the mechanick powers, 
whick are commonly reduced to ſix, namely, the 
Balatice, the lever, the pulley, the axle: in ibe wheel, 
the »vedge and the fcretu, of each of which in their 

a 1 N 1 


order. b b | FS YY99 1 


Tue BALANCE; ſtrictly ſpeaking, is a beam ſüp- 


ported by an axle whereon it turns; which axle 
therefore is the center of motion; the parts of the 
beans which lie on each fide ef the axle are called 
its arms, and thoſe parts of the arms to which the 
weights are applied are called the points of ſaſpen- 
ſion; concerning which it muſt be obſerved, that 
the appending weight, whatever be the length of. 
the cord by which it hangs, acts with the ſame force 
and in the fame manner as if its center of gravity was 
applied to the poim of fuſpenſion; ſo that it matters 
not what the diſtance is between the weighi and pbint 
of ſuſpenſion, as will appear from the following ex- 
perimerit. Let a weight appended at one arm of a: 
Balance be counterpoiſed: by a: weight at the other, 
and let it by means of a cord be hung at different 
diſtances below the point of ſuſpenſion; the 
Eons lt of 


ſmall weight or power may become a balance u 
one exceedingly great, as will appear from what 


. 


— 
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of the balance will remain unvaried, and the h L 57. 
will continue to counterpoile each other at all thole \ 


Aſtances. 


The momeßt df any weight appended at the am 


of 4 balatice, is proportional to the product arifing 
from the multiplication of the weight into the.dil- 
tancè of the point of ſuſpenſion from the axis of the 
balance; for as. was before aid, the moment of a 
weight is proportional to the product of the weight 
into its velocity, and in this caſe the velocity of th 
weight 1s as the diſtance of the point of ſuſpentiot 
from the axis; for ſince the weiglit acts in he fame 
manner as if Its center of gravity was applied to the 
point of ſuſpenſion, whatever be the velocity where- 
with that point moves round the axis, the ſame. will 
the velocity of the weight be; but the velocities 
wherewith the ſeveral points in the arm of a ba- 
lance move round the axis, are as. the ſpaces, that 
is, as the cifcular arches, which they deſcribe in the 
fame time, which arches from the nature of the 
circle are to one another as their reſpective radii, 
that is, as the diſtance of the points from the axis. 


Thus, if A H repreſents the. arm of the balance pl. 2. 
W round. the axis. at A, the yelocities of 1 Fig, 55 
Exp. O. 


oints B and D, which deſcribe the arches B C an 
DE, will be as thoſe arches, becauſe they are de- 
feribed in the fame time; but from the nature of 
the circle, thoſe arches are to one another as their 
tadli A B, and AD, that is, as the diſtances of thoſe 
points from-the axis; conſequently, the moment of 
4 weight appended at the arm of a balance, is as 
the product of the weight into the diſtance of the 
6int of fuſpenſion from the axis. Whence it fol 
ows, that if two weights be appended. at the arms 
of a balance in ſuch a manner, as that the diſtances 
6f the poinits of fuſpenſion from the axis ſhall be re- 
iprocally proportional to the weights, thoſe weights . 
wilf counterpoiſe each other, and the balance will 
be itt & brio; for inſtance, if two equal weights 
. a G be 


| : 
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h Lzcr. be applied at equal diſtances from the axis, the ba- 


lance will not. incline to either fide, but remain pa- 
rallel to the horizon, the weights in this caſe coun- 


larger than the other in any proportion, for inſtance, 
in the proportion of three to one, if the point at 


which the ſmaller is applied be thrice as far diſtant | 
from the axis as the point at which the larger is ap- 


plied, the balance will be in equilibrio. 


On this æguilibrium ariſing from the ſuſpenſion of 


weights at diſtances reciprocally proportional to-the 
weights, is founded the Statera Romana, otherwiſe 
called the ſteel-yard, which conſiſts of two arms 


very unequal in length, but equally poiſed by means 
of a weight annexed to the ſhorter, . from which 
likewiſe hangs a ſcale in order to receive ſuch things - 
as are to be weighed; the longer arm is divided 


into a number of equal parts beginning from the 
axis, and ſuſtains a weight which ſlides from one 
end to the other; which weight being applied to 
the ſecond diviſion, will counterpoiſe double the 
weight in the ſcale of the ſhorter arm, that it will 
when applied to the firſt diviſion; and triple when. 


applied to the third diviſion; and ſo on, whatever 


be the diviſion to which it is applied, the weight in 
the ſcale of the ſhorter arm muſt be proportional 
thereto; otherwiſe the products ariſing from the 
multiplication of the weights into their reſpective 


diſtances from the axis would not be equal, and 


conſequently would not balance each other.. 
On the ſame equilibrium is likewiſe founded the 


| deceitful balance, which is ſo contrived, as tho? one 


arm be longer than the other, yet is the ſhorter 
made ſo much thicker than the longer, as thereby 
exactly to poiſe the fame; upon which account the 


balance appears to be juſt, and conſequently ſuch 


weights as counterpoiſe are judged equal, whereas 


in truth that which is appended at the longeſt arm 
is leſs than the other, and that in the proportion of 


} 


Exp. 7. terpoiſing one another. Again, if one weight be 
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che length of the ſhotter arm to that of the longer; 
for inſtance, if the longer arm be to the ſhorter as 


ten to nine; à weight of nine ounces applied at the 


nded at the horter. 


Several weights appended at ſeveral diſtances 
from the axis in one ſide of a balance, will counter- 


_ poiſe ſeveral other appended likewiſe at ſeveral diſ- 


tances on the other fide; / provided the ſum of the 


products which ariſe from the multiplication of the 


weights on one ſide into their reſpective diſtances 
from the axis, be equal to the ſum of the products 
ariſing from the like multiplication of the weights 
on the other ſide into their reſpective diſtances. 
Thus, if on one fide a weight of one ounce be ap- 
pended at the tance of two inches from the axis, 
and another of two ounces at the diſtance of three 
inches, and a third of three ounces at the diſtunce 
of four inches; and if on the other fide be append - 
ed one weight of five ounces at the diſtance of an 


inch from the axis, and another of three ounces at 


the diſtance of five inches; the two latter will ba- 
lance the three former; for the product of five into 
one, being added to the product of three into five, 
gives the ſum of twenty; as does likewiſe the addi- 


tion of the three products of one nes two, two 


into three, and three into four. 


5 # ? 


The chief uſe of the balance, commonly ealled's 


pair of ſcales, is to compare the weights of different 


bodies together, and that this machine may be as 
exact and perfect as poſſible, it is requifite, iſt, 
that the center of gravity of the beam be placed 
» little below the axis, becauſe in this caſe; when 
there is an &quilibrium, the beam will not reſt in 


any poſition but the parallel; conſequently, the 


weights which are compared together will appear 
to be equal, us they really are; whereas if the axis 


be placed beneath the center of gravity, ſhould the 


center of gravity be moved out of the perpendicu- 
4x £43 69 ads, G 2 
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longer atm, will *counterbalance ten ounces ap- 


lar 
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Laer. lar line; which can ſcarcely be avoided, it- a not 


return, but from its tendency downward, will be 
carried lower, ſo as to give the beam an inclined po- 


_ ſition; for which reaſon the weights will appear to 


be unequal, tho? in reality they are not ſo; and the 


the axis itſelf, ſhould — 


fame inconvenience will ariſe if the axis paſſes thro” 
the center of gravity; for in that caſe it has been 
already ſhewn, that the beam, math ding as 
equilibrium; will reſt, in any poſition. 

Secondly, the arms of the beam ought to be ex- 
actly eg ual both as to weight and length, the rea- 
ſon of f which 3 is evident, from what * faid con- 
cerning the deceitful ballance. . :' - 

Thirdly, the points from which: the ſcales are 


| ſuſpended, ought to be in one right. line paſſing 


throꝰ the beam's center of gravity bor. by this con- 
trivance the weights will act directly againſt each 


other, ſo that no part of either will he © loſt on ac- 
count of any oblique direction. 


Fourthly, the friction of the beam mains * 
axis ought to be as little as poſſible; becauſe ſhould 
the friction be great, it will require a, conſiderable 
force to overcome it; upon which account, tho? 
one weight ſhould a little exceed the other, it will 
not preponderate, the exceſs not being ſufficient to 
overcome the friction, and bear down the beam. 

That the friction may be — little as poſſible, the 
parts of the beam which pha upon the axis, as alſo 
polilbed and the axis 
ſhould be made as ſmall as the uſes of the balance 
will admit; but as friction cannot be entirely pre- 

ited, to — the inconveniences ariſing from 
it as much as- poſſible, the arms-of the beam. ought 
to be made as long as they conveniently can; be- 
cauſe the longer the arms are, the leſs. will the 


weight be that is requiſite to overeome the, friction; 


the. moments of weights increaſin in proportion 
to: a diſtances from the center | motions A has 
1 8 Do 4 "RF hall 
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I ſhall cloſg-what I had to fay concerning "the Leer- 
balance, oy laying before you one property of it, XI. 
which is ſomewhat ſingular and ſurpriſingʒ tho ſʒt 


ome 
has not, that I can ſind, been taken notice of by any of 
_ the mechanick writers, namely, that if a man ſtand- E _ 
ing in one ſcale and counterpoiſed by à Weight 
in the other, lays his hand to any part of the beam, _ 
and preſſes it upward, lie will thereby deftrayithe 
balance, and make the ſcale wherein he ſtands to 
preponder ate. 1503 355705 5107 eib 
In order to account for this property, let AB Pl. 2. 
repreſent the beam of pair of à ſcales playing on Fig. 10. 
the axis at C, and let a man ſtanding in the ſcale 
D, and counterpoiſed by à weight in the ſcale: E, 
Ay his hand to ſome part of the beam, either on 
the ſame fide of the axis with himſelf as at H, or: on 
the other ſide as at K, and preſs the ſame: upward; 
inaſmuch as action and reaction are always! equal; 
it is manifeſt that with whatever force the hand 
2 upward againſt the point H or K, with the 
me the hand, and conſequently 'the man's whole ; 
body, is preſſed downward; and therefore: the ſcale 
D wherein: he ſtands bears the ame preſſure from 
his feet that the point H or K does from his hand; 
but the preſſure upon the ſcale D may he fobked 
—_— as applied to the beam at the point A from 
which the ſcale hangs; conſequently the ſame foree 
which preſſes up the point Hor K, preſſes down the 
point A; wherefore putting F to denote that force, 
TxH C will expreſs the moment where with the arm 
A C is preſſed upward when the hand is applied at 
H, and Fx K C the moment wherewith the arm 
4 1279186 61 . „„ nee 


I The property here mentioned, had not been taken notice 
of by any of the Mechanick Writers, when the Author com- 
oſed this Lecture; but has been publiſhed ſince, both in the 
Philoſophical Tranfactions for the year 1729, and in à courſe 
of experimental Philoſophy, by Dr. DrsacuTI ERS, to whom. 

our Author communicated it, as he told me and mnAHU , 8 
about thirtcen or feurteen years ago when he was in 9" FC | 
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B C is preſſed upward; the hand being applied at K; 
e Fx AC will expreſs the moment 
wherewith the arm A C. is preſſed downward. by 
means of the reaction; if therefore the hand be 


applied at H, it is manifeſt that as the aim A C is at 


one and: the ſame time preſſed upward by a force 


to FA H, which is the diſtance of the band from 


which is as FxH C, and downward by a force 


which is as the ſame FxA C, and as H is ever 


leſs than A C, the arm AC muſt deſcend with the 


difference of thoſe forces, that is, with a force equal 


the point A; if the hand be applied at K, the arm 
CB is preſſed upward and conſequently A C downs 
ward with a force equal to FxK C; and upon ac- 
count of the reaction A C is likewiſe: preſſed down- 
ward with a force equal to Fx AC; and therefore 


it muſt deſcend with a force equal to the ſum of 


ſtmoſe two forces, that is, with a force equal to 


Fx AK the diſtance of the hand from the point A; 
ſo that the ſcale D muſt preponderate whether the 
hand be applied ta; that part of the beam which 
lies on the ſame ſide of the axis with ihę man, or to 
that which lies on the other ſide; and if D be put 


to denote the diſtance af that point to which the 


hand is applied from the point A, the force where. 
with the preponderating ſcale deſcends will be uni- 
verſally as F x D, that is, as the force which the 
hand exerciſes 22 the beam, multiplied into 
the diſtance of the hand from the point A. And 


—— 


be required, it may be diſcoverec 
as much weight into the ſcale E as is ſufficient to 
balance the force of the hand, and to prevent the 
deſcent of the ſcale D; for putting W to denote that 
weight, its moment it as WX B Cor AC, which be, 
ing equal to Fx D the moment of F, F will be 


Lad go AC 
found equal to WX that is, to the weight 
multiplied into half the length of the beam, and 


divided. 


by throwing in 


divided by the diſtance of the hand from A. For Lacs. 
inſtance, if the balancing weight be twenty pounds, 
and the diſtance of the hand from A be to half the 
length of the beam as one to two, the force*where- 


with the hand preſſes the beam is _ to twenty 


pounds multiplied by two and divided by unity, 


dat is, it is equal to forry den ; from what has 


been faid it follows, that when the hand is applied 
to that part df the beam which les on the ſame fide 
of the axis with the man, the force of the hand 
upon the beam * than the weight which ba- 
lances it in the ſcale E, and leſs than the ſame when 
the hand is applied to that part of the beam which 


lies on the other ſide of the axis with reſpect to the 


; . | | AC 0 0 | 
man; for in the firſt caſe, W x 3- is greater than 
W, and in the latter leſs, inaſmuch as A C is in the 


former caſe always greater, and in the latter leſs 
r 
The ſecond and indeed the moſt ſimple of all the 
mechanick powers is the LEVER; an engine chiefly 
made uſe of to raiſe large weights to ſmall heights. 
By the writers of mechanicks, it is ſuppoſed to be 
an inflexible line void of all gravity; tho' ſuch as 
are in common uſe are both flexible and weighty. 
In every lever there is one immoveable point, 9 
which as a center all the parts of the lever turn; 
and whatever ſupports that point is called the prop; 
and with regard to the different ſituations of the 
moving power, and the weight to be moved in re- 
ſpect to the prop, the lever is divided into three 
kinds ; the firſt of which is where the prop is placed 
between the moving power and the weight to. be 
raiſed; which kind of lever is repreſented, where- 
in C denotes the prop, B the weight, and A the 

wer. In this lever there will be a balance be- 


: 


tween the power and the weight, provided they be 


to one another. reciprocally as their diſtances from 
the prop; that is to ſay, if the power at A be to 
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or IE LEVER, 
+ the-weight, 155 20 1 to GA; ſor ypon the —_ 
==; of the | ever round its fixed 119 4 e pqwer 
77 8 deſeribe th f Be. A fame time 

2 bt at B def lee he arch E; conſe: 
uly,. the velocity of - power will be $0. the 
of the wei 5 28 the arch A J) dg. the arch 
; BE lr becauſe the arches are ſimilar, as 18 evi 


| 155 from the manner wherein they are generated, 


the power from the prop. For inſtance, if BC be 


Exp, 12. 


G to CB. That therefore the product ariſing 
5 the lice of the power into, its yely, 
city, may be equal yo the product of the weight in- 
to its velocity; or in other wards, that their. — 
ments may be equal, the power muſt hear 

roportion to the weight, that BC. the N e 0 
the weight from the prop bears to A C the diſtance o 


to AC. as one to two, and if a man's 9 i 

fach as. that without the help of 8 mach Ape hs 4 
fupport an hundred' weight, * will by the help © - 
this lever be enabled to, ſupport. two hundred ; „be- 
cauſe as B C is to A C, which by ſuppoſition i 1s as 


one to, two, ſo muſt the power at A be to the 


weight at B; but the power at A is Tuppoſed to 
equal to one hundred, Fonfequengly the weight mu 
be equal to two. 

As in this lever the prop may be placed _ 
at the middle diſtance between the movin 
and the weight, or nearer to one than the other, It 


is evident that there may be a balance between the 


power, and the weight, either when they are opal, 


or when the one exceeds or is exceeded b 
other according to the different ſituations e e the 


Ps this kind of lever may be reduced ſeveral 


"forts of inſtruments, ſuch as ſciflars, pincers, ſnuf- 
fers, each of which may be confidered as, made up 


of two levers, whoſe prop is the Gaus with the pin 


_ which rivets them . Quarry: crows, are 


Wie levers oY this 


> += x 


ind, concerning which i -3 
mu 


— 
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ever round its fixed the power 
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1 E; th: auſe 4 — are AD Rt a8 is evi⸗ 
= dent ons e manner. een ey are. generated, 
| | as AC to CB. That therefore the product ariling 
| from the Sunne Ki the power into its vel. 
bn | city, may be equal qo t t the weight in 
1 to its velocity; or in — words, that. 75 — 
ments may be equal, the . muſt bes 
proportion to the weight, that B the Gene 0 
3 weig ht from the prop bears to A Cthe diſtance o 
[i =: . from the prop. For inftance, if BC be 
TTY to, AC. as one to two, and if a man” 8 N be 
Wo] Exp, 12. füch as that without the help of a mact tine he 12 | 
wu - | fupport an hundred weight, he will by the help of 
this lever be enabled to, ſupport. two hundred; CD 
cauſe as BC is to AC, which by. ſuppoſition i is as 
3 one to two, ſo muſt the power at A be to th 
[18 weight at B; but the power at A is ſuppoſed to 
1 equal to one hundred, Fonſequenaly gl the weight mu 
$43 be equal to two... 
183 _* "Ar 11-this- lever the prop may be placed nes 
* at the middle diſtance between the. movin 
and the weight, or nearer to one than the Other, it 
is evident that there may be a balance between the 
power and the weight, either when they are equal, 
or when the one exceeds or is exceeded by. the 
other according to the different ſituations of the | 
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Wy ta is kind of lever may be reduced ſeveral 
on forts of 5 Pont ſuch as ſciffars, pincers, ſnuf- 
1 fers, each of which may be conſidered as, made up 
0 two levers, whoſe prop is the Qua with the pin 
| which, rivets them ph ether. Quarry: crows, are 
eie levers of hp ind, concerning. which 1 4 
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uit be obſ * hs Ks" 5 more ae 
— they are, provided they axe not ſo big as to 
become unmanageable, the more uſeful they muſt 
be, becauſe the {of of that part of a crow. which, 


| on the ſame of the prop By the power, 
I which uſpally far exceeds, the other part in 
acts in cenjundtion TO. ge power, and 


eh facilitates the railing of the ſtanes. 
amg aof the lever, inſtead of lying i in a 
fight line, meet each other at the prep in @ ri 
angle, where A d and B C repreſent the arma of a 
lever united at the: prqp C, in 1015 3. manner 88 
to . ute a right angle AC R; if to one arm 2 
CB placed horizontally, a weight be appended at B, 
and to the ather as AC ſtanding perpendicularly a 
ower be applied at A acting in the direction A D. 
pe order to a balance the power muſt be to the 
weight as BG to, AC, that is the power and weight 
mult be in the inyerſe 
arms to Liang 17 e N. h For as. the arms 


HD togethe 1926 83 in the ſame time 
t ES. hg paint Blk ibes any. — BK, the point 
_ 7 7 arch H; conſe, 


— =_ 7 5 of A will be to 1 velocity of 

a5. A C to BS; but as the moment of the power 
at A is ſuppoſed equal to the moment of the 
wWeig 1 at B, the power muſt he to the weight, ag 


Of ve oy of the latter to 770 velocity of the for- 


Fas .of a weight of twelve ounces be 

appended at R; to the cord A DF made faſt to the 
point A and paſling over a pulley.at O, let a weight 
of three ounces, be hung at F ſo as to pull the arm 
AC in the direction AD, and there will be a ba- 


lance. And if BC. be one third or one half of AC. 


ea tiny toi th ,, Which in the former. caſe is one 


latter one half of P, will balance 
the 


bs 


e rens of the lengths. of the 


eon fry his by. experiment let B C be one Exp 13. 
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Or THz LEVER. 
the ſame; and if A'C and BC' be equal, the” ba. 


ee lancing weights muſt be ſo too. 


From the experiments, and whit has been faid 
concerning them, it is evident, that the greater the 
proportion is which A C bears to B C, the greater is + 


the force of the lever, or the leſs the power at A 


requiſite to balance a given weight at B. And for- 
aſmuch as the hammer when made uſe of in draw- 
ing nails is a lever of this kind, it is manifeſt, 
that the longer the handle is in proportion to 
chat part of the hammer which lies between the 
handle and that portion of it which gripes the nail, 


the leſs will the force be that is requiſite to draw I 


the a; 

The ſecond kind of lever bas its prop at one end, 
the power at the other, and the weight between, as 
where C is the prop, A the power, and B the 
weight; in this 'lever, in the ſame' time that the 


Exp. 14. Power at A moves thro? the arch of a circle whoſe 


BC to AC; that 


radius is AC, the weight at B moves thro? a ſimi- 
lar arch of a "Jefſer circle whoſe radius is BC; con- 
ſequently, the velocity of the power is to the velo- 
city of the weight as AC toB G; i in order therefore 
to a balance, the 3 muſt be to the weight Y 
s, as much as AC, the di 
of the power from the prop, exceeds 'B O/ the ai. | 
tance of the weight from the prop, ſo much -nivſt 
the weight exceed the power. 285 
As in this lever the diſtance of the weight from 


the prop is always leſs than the diſtance of the 


* exceeds the power. 


power from the prop, it is evident that there'can- 
not be a balance in any caſe but where the Rn 


To this kind of leber may be reduced the gate 


ä and rudders of ſhips, cutting-knives fixed at One 
© end, and doors moving upon hinges. | 
K If 5 in this lever we ſuppoſe the power and the 
weight to change their places, ſo as that the powet 
i may 


Fs 5 


- : 


| Oe Tn LEVER. — 
may be applied at B between the weight at A and Lac. 


the prep at B, it will become a lever of the third VI. 
kind; ein in order to a balance, the power . 
B muſt ſo far exceed the weight at A, as BC the Fig. 3 1 

diſtance of the power from the prop, is leſs than AC . 

the diſtance of the weight from the prop. F 
It is evident, that the moving power receives no 

advantage from this kind of lever, and therefore it 

is never madę uſe of but in caſes of neceſſity, and 
where the weights to be raiſed cannot be managed 
in a more convenient manner; as is the caſè of lad 
ders, which being fixed at one end are by the foro 
of a man's arms reared againſt a wal. 
As levers are of ſervice in raiſing weights, ſo are 
they likewiſe in carrying and ſupporting the fame 
concerning which it is to be obſerved;that when two 
powers ſupport àa weight by help of a:lever, the ſum 

8 of the powers muſt equal the weight; and the weight 
| being placed between them, their reſpective diſtances 

therefrom muſt be reciprocally as the powers; thus, 
if a weight reſting on the lever at B be ſupported by pi. _ 
two powers, one at A and the other at C, the dif- Fg a. 
tance of A from B muſt be to the diſtance of C | 
from B, as the power at C is to the power at A. 
For in this caſe the lever is of the ſecond kind, 
where each of the powers is in its turn to be looked ' 
upon as the prop, and then the other power muſt de 
to the weight as the diſtance of the weight from 
the prop to the diſtance of the power the 
prop ; that is, when A is conſidered as the prop, 
the power at C muſt be to the weight at B, as AB 
to AC; and hen C is conſidered as the prop, the 
power at A muſt be to the ſame weight at B, as 
B to C A. Conſequently, ſince the power at A 
is to the weight, as BC to A C; and ſince the ſame 
weight is to the power at C, as A C to A B, the 
power at A muit be to the power at C, as BC to 
B A, that is, the powers muſt be to one another in- 
yerſly as their diſtance from the weight; and thus 


3 
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. it vill appear to be from experiments. For if from 
Ml the point B of the lever A C a weight as D be ſuſ: 
= AS ates and if two other weights 2 B and F be ſult 
wh 8 16. 

It . pended from the: extream points A and C by cords 
3." paſſing over pullies, ſo as that they may draw: the 
Fe 5 lever directly upward; they will ſupport * weight 
D, provided the ſum of thoſe two weights be equal 
to the weight D, and the weight E be to the zigh: 

Exp. 17. The fame ching will happen, if the: thros — —— 
be made to pull the lever horizontally, which may 
be — —.— paſſing the cords over fmall wheels or 

on a level with the lever. 
a — what the proportion 3 taberbe- 
tween two powers which ſupport a weight placed up- 
on a lever, I have ſuppoſed the poſition of the lever 
to be parallel to the plane of the horizon; what the 
proportion ought to be, and in what manner ſuch 
proportion is determined in inclined-poſitiong of the 
** ſhall be ſhewn, when I come fe treat af pow: 
ers acting in oblique directions. 
If inſtead of a ſingle lever, ſeveral be coatings 
: "" Spgother in ſuck a manner, as that a weight being 
appended to the firſt lever, may be ſupported hy 
Fl. 3. power applied to the laſt, as in the machine, which 
Fig. 5- conſiſts of three levers of the firſt kind, and is ſo 
Exp. 18. contrived as that a power applied at _ point L of 
the lever C, may ſuſtain a weight at the point 8 4 

the lever A. The power muſt be to the weight, in 

A ratia compounded of the ſeveral ratiat, which thoſe 
powers that can ſuſtain the weight by the help of 
eäch lever when uſed ſingly and apart from the reſt 
have to the weight; for inſtance, if the power 
#hich can fuſtain the weight P by help of the lever 
A alond, be ta the weight as ane to five ; and if the 
phwar whereby the fame weight can be fultained-by 
abe help: of tlie lever B alone, be to the weight, 
as onè to four; again, if the power which can ſup- 

2 the ſanie — by the Help of the lever C 


alone, | 


”4 
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alone, be to the weight as one to five; the power Lzcr. 
which ſupports the weight by means bf thoſe three VT 
levers joined together will be to the weight in a 
_ ratio;campounded of one to five, one to four, and 
one to five, that is, it will be as one to an hundred. 
For fince in the lever A, a power equal to one fifth 
of the weight P preſſing down the lever at L., is 
ſufficient to balance the weight; and fince it is the 
fame thing whether that power be applied to the 
lever A at L, or the lever B at 8, the point 8 bear- 
ing on the point L, a power equal to one fifth f 
the weight P being applied to the point 8 of the 
lever B, and prefling the fame downward, will ſup- 
port the dae er but one fourth of the fame pow- 
er being applied to the point L of the lever B, and 
ing the ſame upward, will as effeQually depreſs 
the point 8 of the ſame lever, as if the whole power 
was applied at S; conſequently, a power equal to 
one fourth of one fifth, that is, to one twentieth 
part of the weight P, being applied to the point I. 
of the lever B, and puſhing up the ſame, will ſup- 
out the weight; but it matters not whether that 
rce be applied to the point 'L of the levet B, or ts 
the point S of the lever C, ſince if 8 be raiſed, L 
which reſts thereon muſt be ſo too; but one fifth 
of the power applied at the point L of the lever C, 
and preſling it downward; will as effectually raiſe 
the point S of the ſame lever, as if che whole power 
was applied at S and puſhed up the ſame; conſe- 
quently, a power equal to one fifth of one twentieth, 
that is, to one hundredth part of the weight P, be- 
ing applied to the point L of the lever C, vill ba- 
lance the weight at the point S of the lever A; that 
is, a power which is to the weight, in a ratio com- 
pqunded of the three ratios, which the powers have 
to the weight in each lever taken ſeparately, will be 
4 balance to the weight, when the three levers are 
uſed: jointly. And by the ſame way of reaſoning it 


Will 
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will be found, that in all machines of this kind; the 


power requiſitg.to ſuſtain the weight, is to the weight, 
in a ratio "1 up of the ſeveral ratios of the power 


to the weight in each lever taken ſeparately, what- 


Leer. 
VII. 


ever be the number of lev erer. 
In all that has been hitherto ſaid concerning the 
lever, the power and the weight are ſuppoſed to act 
in direct oppoſition to each other; and on this ſup- 
poſition, the power muſt be to the weight in each of 
the three kinds of levers, in the reciprocal ratio 


of their diſtances from the prop, as has been fully 


proved with regard to each kind; but where the 
directions of the power and weight are inclined to 


each other, the proportion will vary from what has 
been here determined, as ſhall be ſhewn, when 1 


come to treat of powers acting in oblique direcs 


tions. 
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IN this lecture L chall give you an account of the 


ws A Pulley, nie Axie in We Wheel, the Wedge, and 


the Screw; The PULLEY is a ſmall wheel that 
turns about ts axis, and whieh has a drawing rope 


— 


paſſing over-it, It is made uſe of in raiſing large 


weights td conſiderable heights ; and is of two 
kinds, fixed and moveable ; the ſole uſe of the fix- 
ed pulley, is to change the direction of the moving 
power ; which in all cafes where weights are to be 
raiſed to great heights, is exceedingly convenient, 


and very often of abſolute neceffity ; for inſtanee, if 


the weight P is to be raiſed by the fprce of a man's 
hand to any height as A above the react of the 
hand, the man muſt quit his place and aſcend in 
order to carry up the weight, Which for the moſt 
part is found to be inconvenient, and ſometimes 


impracticable; 


t 4 
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impraQticable ; whereas if to a rope as PA F paſſing Leer. 
over the fixed pulley at A, the weigh be made f vII 


101 


at one end as P, and the hand appli to the other — 


end at F, the man by drawing the rope A F down- 


ward, will without moving from his place raiſe 
the weight as effectually, as if his hand was applied 
to it and moved upward from P to A; ſo that in 


7 weights to great heights the fixed pulley is 
| | lar 


of ervice, in as much as by changing the 
direction of the power, it takes off the neceſſity 
that a man would otherwiſe lie under of aſcending 
along with the weight. and by ſo doing leſſens his 


labour; beſides, it has this farther convenience at- 
tending it, that by means eee ſtrength 


of ſeveral perſons may be made. uſe of to raiſe one 


and the ſame weight, which in many caſes cannot 
be done, at leaſt not ſo conveniently, where the 


weight is raiſed by the immediate application of 
the hands: but this pulley does not in the leaſt aſ- 
ſiſt the power, by encreaſing ity moment ;. becauſe 
it neither leſſens the velocity wherewith the weight 
riſes, nor augments that of the power; for what- 
ever be the ſpace thro' which the power moves by 
drawing the rope A F, the weight muſt in the ſame 
time be drawn up thro' an equal ſpace; the rope 
AP conſtantly: ſhortening in the fame proportion, 


that the rope A F is lengthened; and therefore, 


wherever any power ſupports a weight by means of 
a fixed pulley, that power muſt be equal to the 
weight. a e 

When a pulley riſes and falls along with the 


weight, as does this pulley, it is ſaid t6 be move- 


able, and with regard to its uſe, it is juſt the re- 


verſe of the fixed pulley; for it adds to the mo- 


ment of the power, but cauſes no change in its di- 
tection: for if the hand be applied at F to the 
rope D, in order to raiſe the weight P appended to 


the moveable pulley E, it muſt move directly up- 


ward 


4 2 
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1 
Iser. ward in the very ame manner, as if it was applied 
Vl. immediately ig the weight; (conſequently; the df 
tection of ti Hand which riifes the weight is no way 


altered by this pulley, but the moment thereof is - 


doubled, becauſt it is made to riſt twice is faſt 28 


| the weight; for in the ſame time that the hand move 
upward from F to G, thro” the ſpace'F G equal th - 
length to the two equal ropes D and C, the plilley, © 
and conſequently the weight atthexed, will be drawn - 
up thro! the ſpace E H, whoſe length is equal'ts 5 


one of the ropes 'onh 


In machines conſiſting of ſeveral pullies, where: 


of forme are fixed and fome moveable, and which 
have one common rope that goes round them all; if 


one end of the rope be fixed, as is the caſe in the 


PI. 3. machines repreſented by theſe figures, in order to à 
Fig. 8, 9, bulance, the moving power muſt be to the weiglit, 
10. as one to twice the number of moveable pullies; 


becauſe the velocity wherewith the power moves in 
raifing weights by. the help of ſuck engines, is to 
the velocity of the rifing weight, as twice the num 
ber of moveable pullies to unity; as'I ſhafl now 
Pl. 3. ſhew you in the machine, which confiſts of ons 
Fig 8. fired pulley as A, and another ivveable"as E. 


Since it is one and the ſame rope that is continued 
from G' to F, the part AF which lies beyond the 
fixed pulley, cannot be drawn down and thereby 
lengthened, unleſs the two parts D and C, which 
lie on each fide of the moveable pulley, be at the 
fame time drawn up and ſhortened, and that equal- 
ly; whence it is evident, that the part AF will be 
lengthened as faſt again as either D of C is fhort- 
ened, inaſmuch as what, each of thoſe parts loſe of 
their length, is added to the length of A F; but the 


point F to which the power is applied, deſcends 
as faſt as A F is lengthened, and the point E td 


which the weight is faſtened, aſcends as faſt as 


Dor C is ſhortened ; conſequently, the velocity of 
the power is to the velocity of the weight, as two 
| TH, | to 
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to one, that is, as twice the number of ,moveable. Lzcr, 
pullies to unity if therefor a. weight appended. at pi. 
F, be to a weight appended at E, ag one to two, 
they will balance each other, as heit to one ano⸗ꝛk 
ther in the reciprocal ratio of theit veloaities,/- .- 
In the machines, each of which conſiſts of two. Pl. 3. 
fixed and as many moveable pullies, and which dif. Fig. 9, 10. 
I fer only in this, that in one the pullies of the ſame Exp. 3. 
= kind move upon one and the ſame axis, and in the , 7 
other upon different axes ; I ſay, in theſe machines 
the velocity, wherewith the power moves is to the 
velocity wherewith the weight riſes as four to one, 
that is, as twice the number of moveable pullies to 
one; for as the part of the rope A E is drawn down 
and lengthened, the four parts B, C, D, H, which 
lie on each ſide of the two moveable pullies are 
drawn; up and ſhortened, and that equally; and 
_ | what each of them loſes of its length is added to the 
length of AF; conſequently, A F is lengthened four 
times as faſt as each of the other parts ſhortens; 
but the power moves as faſt as A F lengthens, and 
the weight riſes as faſt as the other four ſhorten; 
and therefore, the velocity of the power; at F is to 
the velocity of the weight at E, as four to one, or 
as twice the number of moveable pullies to unity: 
for which reaſon, if a weight be appended at F, 
which is to the weight at E as one 10 four, that is, 
in the reciprocal ratio of their velocities, there will 
de à blanc. * 2 rl 2 Baths 
What has been thus proved with regard to the 
three laſt machines, namely, that the velocity 
where with a power moves in raiſing a weight is to 
the velocity wherewith the weight riſes, as, twice 
the number of moveable pullies to unity, is in the 
ſame mannet demonſtrable with regard to any other 
machine of the ſame kind, whatever be the number 
of pullies whereof it conſiſts; and therefore, in 
all machines conſiſting of ſeveral pullies, whereof 
ſome are fixed and others moveable, and round 
Laib , H Which 
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which" gbes one common rope; fixed at one end, 
7 be laid de wn as a general rule; that in order 
to a balance between the moving power and we 
Weight, the former müſt be to the latter, as one to 
twice the number of moveable Paine. 


If the rope which goes round the pullies, inſtead 


of being fixed at ofle end, be faſtened ro the weight | 
er te the block - which ſupports che moveable pul: | 
Hes, fo às to riſe therewith, as in this machine, which - 
cenfiſts of five pullics, whereof three ure fixed and 
two moveable, and in which the end of the r 


is joined at G to the block which ſupports th 


two moveable pullies; the velocity of the powef 
18 to the velocity of the weight, as the ſum of 
twiee the number of moveable Poller increaſed by 
_ to one; for in this caſe, the parts of the 

rope, :which' are equally ſhortened in order to leng- 
then the part A F, are more in number by one than 
the ſum of the moveable pullies when doubled; con- 
ſequently, ſince the power at F moves as faſt as 


AF is Tengthened,. whilft' the weight at E riſes in 


roportion only to the ſhortening / of the ropes 
B C, D, H, K, the velocity of the power bears 
the ſame proportion. to the Zarche of the weight, 
as tlie ſum of twice the number of moveable puflies 
increaſed by unity does to one; and therefore; if 


the power be to the weight in the inverſe ratio, that | 


Fig. 1 1. 


Exp. 5. 


Fig bs 


18; "as one to twi * the number. of moveable pullies 
added to unity, tflere will be a balance. Thus, if 
in the machine, A weight appended at F be to ano- 
tler at E, as one to five; they will balance, and re- 
main unmoved. 

If to any of the forementioned machines be 
added a: runner, that is, a ſingle” thoveable pulley; 
which has its own rope diſtinẽt from that which is 
common to the other pullies, one end whereof is 
fixed as at L, the other being faſtened to the 
block at E, and the weight appended at M, the 
Toree' of the former machines will be doubled by this 
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1 Or THE PULLEY. — 
additional pulley; ; for ſince the point E moves with 


twice the velocity of the point M, as 1 ſhewed 
when ſpeaking of the ſingle moveable pulley, what- © 

ever be the proportion which the velocity of the 

| Power at F bears to the velocity of the weight when, 


appended at E, it will be doubled if the weight be 


appended at M; conſequently the power will by 


the help of the runner be able. to ſuſtain twice the 
mY it did before. _ 
a machine be combined * fixed a FE 
3 pullies, put together in ſuch a manner 


as that each of the moveable pullies has a ſeparate 


rope, one end whereof being fixed, the other either 
paſſes over the fixed pulley, as does that of the 


* 


1 


* 


pl. 138 
Fig. 1 
Exp. 6. 


firſt moveable pulley E, or is joined to the move- 


able pulley which lies next above it, as is the caſe 


of the ropes B, C, D, which belong to G, H, and 


I, the ſecond, third and fourth moveable pullies; 


B being joined at N to the firſt moveable pulley, 
C at K to the ſecond, and D at L to the third; the 
weight being appended to the laſt moveable pulley 


. at H. The velocity wherewith the weight riſes in 


ſuch a machine is to- the velocity of the power, 


as one to the laſt term of a duple progreſſipn, 


whereof the firſt term is unity, and the number of 
terms more by one than the number of moveable 
pullies. | 

For as I proved hes ſpeaking of the fingl 
moveable pulley, the velocity of the power at F is 
to the velocity wherewith the pulley E riſes, as two 
to one; and ſo likewiſe is the velocity of E, to 


that of G, and that of G, to that of I, and ſo on, 


whatever be the number of moveable pullies, the 


velocity of each ſucceeding pulley is hut one half 


of the velocity of the preceding; wherefore, if 
the velocity of the haſt. pulſey, which is the ſame 
with the velocity * the weight, be put equal to 


bae the velocit . of that which immediately pre- 


cedes it, to wit 


. PE as two, and the velo: 
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ity of G, as four, and of E, as eigbt, and ſo on; 
Ache de more moveable pullies, the velocity will 


be continually doubled, and fince the velocity of the 
| laſt pulley is exp reſſed by unity, that of the firſt 

will de Eepreſſe by the laſt term of a duple pro- 
greſſion whoſe firſt term is unity, and the number. 
of terms equal to the number of moveable pullies $ 


and conſequently, ſince the velocity of the power is 


double that of the firſt moveable pulley ; if the du- 


=_— ple progreflion be continued to one term more, that 


term will expreſs the velocity of the power, the 
velocity of the weight being as unity ; thus, in this 
machine, the «number of moveable pullies _ 


four, the velocity of the weight at M is to that 
the power at F, as one to ſixteen; if therefore a 


weight appended at F be to the weight at M, as one | 


to ſixteen, there will be a balance. 


Though this engine be of greater force than any 


other wherein there is the ſame number of move- 


able pullies, yet inaſmuch as it does for that very 
reaſon raiſe weights more flowly ; men for the ſake 
of diſpatch chooſe rather to make uſe of ſuch com- 


binations of pullies as are repreſented in the gth 
and 10th Figures, and where they have occaſion to 


Yo 


raiſe very large weights, they double 'the force of 


thoſe machines by the addition of a runner. 
The fourth mechanick Power i is called the axLz 


tn THE WHEEL; which is a ſimple engine con- 


ſiſting of one wheel fixed to the end of an axle 
that turns along with the wheel ; the manner of 
raiſing weights by the help'of this machine is thus: 
the power being applied to ſome part of the wheel's 

circumference, turns the wheel and together with 
it the axle, by which means a rope that is tied to 
the weight at one end, and made faſt to the axle 
at the other, is wound about the axle, ahd thereby 


the weight drawn up; and for as much as the wheel 
and its ale revolve together, in whatever time the 


power moves — a An et to the circum · 
| | ference | 
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| ference of the wheel, the weight muſt in the fame Lauer. 
time be raiſed up thro” a ſpace equal to the eircum- 3 * 7 
ference of the axle, Soeren the velocity of the 7 A 
power is to the velocity of the weight, as the.circum- 7 
e of the wheel to the circumterence of the axle; n 
that is, from the nature of the circle, as the diame- 1 
ter of one 10 the diameter of the other; if there- b 
fore the power be to the weight i in the inverſe ratio 
of thoſe diameters ; ; that is to ſay, if the power be 
to the weight as the diameter of the axſe to the 
| diameter of the wheel, there will be a balance; the 
I power in that caſe being juſt ſufficient. to ſupport 
ide weight. For inſtance, if the diameter of the Exp. 7. 
wheel = five inches, and that of the axle one, a | 
weight of one ounce hanging from any point in the 
circumference of the wheel, will ſupport a weight of 
' five ounces. hanging at the axle; and if the diame- | 
ter of the axle de but half an inch, then will ten 
| _ ounces at the axle be ſupported by one at the wheel. 
| Where, the parts of the axle differ in thickneſs, 
8 if weights 1 at the ſeveral parts, they may 
be ſuſtained TS one and the ſame power appſied to 
the circ + — 1 04 of the wheel, proyided ihe pro- 
3 duct ari from the muhiplication of the power 
„3 the Uammeter of the 5 ana 92 man 10. the 
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inch, vill be: balanged a. 2 ht. of wo, gunces 8 
hanging f rom the circuniference of the wheel whoſe 
diameter is five inches; for the ſum of the products 
of five into one, and of ten into one half, which 
| expreſs the moments of the weights, i is equal to ten, 
as is alſo the product of two into 1 0 n Gn 
the migen f 
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| Lacr. If to the axle in the wheel be added one or more 
Ju. „wheels wich teeth, ſo that motion may be commu- 
8 nicated from the fifſt wheel to the laſt; the weight 
being hung from the axle of the laſt wheel, whilſt 
the moving power is applied to the circuinference 
of the firſt wheel; in order to a balance, the power 
muſt be to the weight in a ratio compounded of 
the inverſe vutio of the diameter of the firſt wheel 
to the diameter of the laſt axle, and of the inverſe 
i of the number of revolutions made by the 0 
wheel, to the number of revolutions made b er 
laſt axle in a given time ; for if the firſt whee 
the laſt axle revolved in the ſame time, the ratio 155 
the diameter of the wheel to that of the axle, would 
enxpreſs the ratio of the velocity of the power, to 
the velocity of the weight ; but if the wheel re- 
volves oftener than the laft axle in a given time, t 
is evident, that the ratio of the velocity of the 
power to that of the we ight, will be greater in that 
proportion; conſequently the ech of the power 
muſt be to the velocity of the weight in a ratjo 
"compounded of the ratio of the eter of the 
firſt wheel to the diameter of the laſt axle; and of 
the revolutions of the firſt to thoſe of the laſt axle in 
à given time; and therefore, that "there may be 
balance between the power and the weight, t for- 
mer muſt be to the latter inverſl i in the ſame com- 
Exp. 9. pounded ratio. For inſtance, in a machine con- 
üfſting of two wheels with their axles, wherein the 
diameter of the firſt wheel is four inches, and that 
of the ſecond axle a quarter of an inch, and where- 
in the cogs or teeth of the firſt axle, by applying 
- themſelves ſucceſſively to the teeth of the 14555 
wheel, turn it about, and therewith its axle; but 
the teeth of the firſt axle being in number but 
one fourth of the teeth of the 1 econd wheel, that 


axle, and conſequently the firſt wheel, muſt re- 
volve four times in order to tutn the ſecond wheel 
and its axle once; ſo that the revolutions of the 
> 8 


Or ru WE DGE, 
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beſt wheel in a given time are 80 the revolutions of * 


| the ſecond axle, as four to ons : in this machine, 
in order xk balance, the 0 ſt be to. the 
Weight inverlly 3 in a ratio compounded 01 11 
one, and of four fo one; that is, it muſt MY the 
weight inverfly, as. ſixty- four to. N YU lo, hat 
Freight of one ounce at the. 55 ee of, 0 
ſt wheel, avill-lappor: e = e 
tened $4 fhe ſecond axle, AW, #44475 e 
5 10 e roachine car "of 1 ine axle 
th he; two ee eel 98 
2 perpetual ſcrew, which i 0 8 Slot af the 
rſt, axle moves one tooth only. of the , wheel, of 
he ſecond axle; Which wheel having ee 
teeth, moyes round once in the ſame time that the 
_ fixſt axle turns twenty-eight 5 and there be 
a ſmall wheel with 52 1185 at, me. of at er 


— 


the ſecond 57 70 5 tbele ih Apel lying int 4 frog 


elves. con 500 the teeth of A 
the third e ch are twenty: eig! t in pb 


the wheel "ore third axle moth eevalſs but once 
in the ſame time that the wheel of the ſecond, 1 
201 15 25 and of conſequence the third wheel 
nd its move gong ut ance w ilt th he firſt 
axle pe rooms X revalpyons pg the diame- 
ter 6 bhi firſt ih 8 —— that of two 97 
done; in arder therefore to a balance 78800 t 
Boner. which, is er ed. KN alas bet and the 
Fig ht which 4. Fed to the laſt ; the power muſt 
be to. the e 1 fey ina ratio comp unded of 
| two, to one, an fifty-ſix to one; that is, the 
power mult he 5 i weight as one to an hundred 
42 twelye; Wia one ounce hanging from the firſt 
is Wis cs hundred and twelve ounces 
hanging: from: bong axle. 
rent order. to | exhibit the. farce of the WEDGY, 
Tat is the fifth meehanick powder, let AD repre- 
nt the bafe of a wedge, from whoſe middle point 


B let 15 line BE be drawn ee to ae 
ide 
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Fig. 14. 
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A e e 40 b le E Ce He wle to x 
V. and Sonleduentiy, biſecking the angle 10 D made | 


Eo by the conccutſe he Gets &s des. | 
In cleaving timber with a Ved e, the wie of Als 
mallet which ſtrikes the wedge 74 to be looked up: 
on as the movin power, a the cohefion of the 
parts of the tim er, as the reſiſtance or weight to 
e moved; now, whilſt the wedge is driven by the 
epeated ſtrokes of the mallet from B to C, (for *I 
2 a oppoſe the edge of the wedge to be placed on the 
top of a piece 97 timber at B in order to rend it) 
abe ſpace Tefciibed d the wood as it yields on'each 
fide of the wedge. K lines perpendicular to thoſe 
Tides, is equal to B E Conſequently, that the mo- 
me ent of the mallet ma be equal to the reſiſtance of 
io, the abſolute force of the mallet muſt be 
0 thforce wherewith the parts of the wood cohere, 
a8 BE to BC, that is, as the fine of the angleBCD 
to radius ; Whedice it follows, that all fimilar wedges 
are of equal force, for in ſuch the angle BCD is 
given; it likewiſe follows, that the powers of dil. 
fimilaf wee es are inverſly : as e fines of the anples 
BCD, or 15 other words, that the forces requiſite, 
to rend timber with foch' wedges, ate directly as the 
Hines BE, Which is confirmed by the follow ing er. 
peritment. AER JO 2 
Exp. 11, , Let a machine be ſ Spiel as to conlik ef 
&7: equal cylinders; rolling upon their zxles ip an 
2 1 pPoftion along the edges of two rulers, 
and let them be dran and kept together by 
weight of abe greins hanging freely by a rope, 
faſlened at each end to the cylinders, 1480 let the 
adge of a wedge be ou between the cylindets, 
ſo as that when 4 ſufficient weight is hung to it, jt 
may be drawn down 3 the ey litiderk,; ; in this 
machine the forcewh rewith the cylinders are drawn 
together, added to the attrition of their axles in 
rolling upon the rulers, may be locked upon gs . 
the a G4 of the timber, and the weight of 
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| wedge together with the appending, welght; whine: 


by it is pulled down between the cylinders, as the 


force of the mallet upon the wedge ; now, if three 


wedges be made' uſe of, each three inches long,” in 
which the fines BE are as one. two, and three, their 
weights likewiſe being in the ſame proportion, the 
firſt will be drawn down by a weight of 300 grains, 
the ſecond by 'one of 600 grains, and the third by 


5 one of goo grains. 


Jo the wedge may be reduced the axe'or bircher, 
the teeth of ſaws, the chizel, the auger, the ſpade 
and ſhovel; knives and words of all kinds, as alſo 
the bodkin and-needle, and in à word, all ſorts of 
inſtruments which beginning from edges or' points 
grow gradually thicker as they lengthen ; and the 
manner wherein the power is applied to ſuch inſtru- 
ments, is different according to their different 
ſhapes and figures, and the various uſes for which 
they were contrived.” 

The next and laſt anebinch! power is the 
$cxiw, which conſiſts of two parts, whereof the 
firſt is called the male or outſide ſcrew, being a 
ci linder cut in, in ſuch ſort as to have a prominent 

rt'going round it in a ſpiral manner, which pro- 
minent part is commonly called the thread of the 
ſcrew the other part which is called the female or 
inſide ſcrew, and by common workmen the nut, is 
2 ſolid body that contains an hollow cylinder, whoſe 
contave furface is cut in the ſame manner as the 
-canves ſurfdce of the male ſcrew, fo that the pro- 


minent parts of the one may fit the cavities: of the 


othér. The chief deſign of this machine is to 
prefs the parts of bodies cloſely together, and in 
ſome caſes to break and divide them; when it is 
made uſe of- ohe part is commonly fixed, whilſt 
the other is turned round, and in each rerolution 
the moveable part bs carried i in the dire&tion of — 


ee 
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1 1 1 
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made are forced to move towards one another thro” 
a ſpace equal to that interval; which interval there · 
fore does expreſs the velocity wherewith the ſeveral 
parts of the body give way to the preſſure, whilſt 
the circular periphery, which is deſcribed by, the 
power whereby the moveable part of the; ſcrew: is 


turned round, exprefles the velocity of the power; 
for the moveable part of the ſcrew. is uſually 


turned by means of an handle or handſpike, to 


ſome part of which the power is applied, and by 


moving round with that pgrt. de eſeribes the . 
ference of a circle; if therefore the moving 

be to the reſiltance of the body which is — 
the diſtance between two contiguous threads of = 
ſerew to che circular periphery deſcribed by the 


| 7 there will be a balance; and if the power 


ever ſo little increaſed beyond that proportion, it 
muſt overcome the 9 and move the ſcrew; 
and thus it would conſtantly be, provided there was 

no reſiſtance from the attrition of the parts of the 
aka one againſt another; but as that is very; gonr 
ſiderable, there i is an addition of power requiſite to 
overcome it, oyer and above what is neceſſary t 
oyercome the reſiſtance of the body whereon. the 


preſſure is made: for which reaſon; ſuch experi- 


ments as are made to ſhew the force of the ſarew, 
muſt e ney: ſeo, the Cy UH | Maße 75 


12 * 


| the 8 hich: are e 1 a} 
Exp. 12. Let a Wheel whoſe diameter is * e be 
"fixed at its center to the head of a male ſcrew in an 
horizontal poſition, and let the end of a rope, 
which is wound about the groove of the wheel, 
paſs over a pulley. in ſuch a manner. as that having 
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a weight faſtened to it, it may be drawn in a line, Leer. | 


that is a tangent to the whee by which means the 
intire rae of the wei be wil be employed in — 
turning the wheel ; to one * of a lever. ſupported 
by a prop at the middle, let a weight of ſeven pounds 
be hung, and let the bottom of the male ſcrew 
xeſt on the other end of the lever; and, let the di. 
tance: between the threads of the ſcrew be equal to 
one fifth of an inch, and a weight of three ounces 
and 250 grains being hung to the end of the rope 
which paſſes over the pulley, will juſt turn the wheel, 
and thereby thruſt,down the ſcrèw, and with it the 
end of the lever Mhereon it reſts, and by 1a doing 
. up the weight at the other end. 

In this caſe the power which moves 155 Cm. is 
to the weight raiſed whereby the reſiſtance that is 
made to the preſſure is meaſured, 8 2 to 24 
nearly; whereas it ought. not to exceed the propor- | 
tion of one to 63 ; for the diameter of the wheel: he- 
ing four inches, the circumference i is (welve and an 
half, nearly, but 12. 5 is to 4 T9 which is the interval 
between the threads of the ſerew, as 6 f to n 
conſequently, if the power which turns tha ſcræw be 
to the weight that is to be raiſed ia th inverſe ratio 
of thoſe numbers, that is, as one told 2, it ought 
to balance the weight, and if it be increaſed ever 
ſo little, it ſhould oyerpower and raiſe. the weight: 
ſince therefore the force that is requiſite to turm the 

ea nearly three! times as gat 38 what is ne- 
ceſſary to overcome the 1eliſtange. of the weight to 

. be failed, it is evident, that amo}. two thirds of 

-that force is employeq in overcoming the reſiſtanee 

ariſing from the attrition of the parta of the ſerew 

one againſt another; what the nature of this reſiſt- 

- ance is, and in what ION it e —_— 

thewn hereafter.” 3. 21x53 S001 
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Or Comround Entones. 


part are made uſe of ſeparately, may in ma- 


1 caſes be combined together, and engines there- 


by formed of ſuch efficacy, as that by the help 
thereof exceeding great weights may be raiſed by 
very ſmall powers. In all fuch compounded ma- 


chines the proportion which the moving power bears 


to the weight when they balance each other, is 


compounded of the ſeveral ratios which thoſe pow- 
ers have to the weight which balance it in each 
ſimple machine, whereof the compounded engine 
conſiſts. Thus when a machine is compoſed of an 


axle in the wheel and a pulley, by faſtening the 
drawing rope of the one to the axle of the other; 


the power which balances the weight in ſuch a ma- 


chine, muſt be to the weight, in a ratio compounded 
of the ratio which that power has to the weight 
«which balances it by means of the axle in the wheel 


alone, and of the ratio which that power has to the 


weight, which balances the weight by means of the 
; pulley alone. For inſtance, if the nature of the pul- 


_ be ſach, as that a power equal to one tenth part 
oft 


he weight balances it; and if the axle in the wheel 
be ſuch, as that a power equal to one fifth part of the 


weight can ſupport it; the power which balances 


the weight in the compounded machine, will be to 
the weight in a 7a7io-compounded of one to ten, and 
of one to five, that is, it will be to the weight as 
one to fifty; for, fince the weight is in effect 


faſtened to the axle of the wheel by means of the 


rope which goes round the pullies, it is evident 
that the axle will be drawn by a force equal to that, 


— 4 ; which 
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which when applied to the drawing rope of the 
pulley is requiſite to ſuſtain the weight by means of 


the pulley, which force is by ſuppoſition equal to 


— 


one tenth part of the weight; but that force at the 


axle is balanced by a fifth part thereof applied to 


: 
— 
» 
1 s 
— 
& L 
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the wheel; conſequently the power requiſite to ba- 


— 


lance the weight in this machine, is equal to one fifth 
of one tenth part of the weight, that is, the power 


is to the weight, as one to fifty. So that one ounce 
at the wheel will ſupport fifty ounces at the pulley. 


If a machine be compoſed of the lever, the axle, 
and the perpetual ſcrew; the lever being thirteen 


Inches long, and fixed at its center to an axle, 


whereon is a perpetual ſcrew, the tooth whereof 
adapts itſelf to the teeth of the wheel of an axle, the 
teeth of that wheel being twenty-four in number, 
and the diameter of the axle belonging to that 
wheel equal to fix tenths of an inch ; in ſuch a ma- 
chine the power being applied to one end of the 
lever, and the weight to the axle of the toothed 
wheel, the former will balance the latter, if it be in 


proportion thereto, as one to 520; for if the lever 


to which the power is applied, moved round in the 


| ſame time with the axle of the toothed wheel 


3 


whereunto the weight is faſtened, the power would 
be to the weight, as the diameter of the axle to the 
length of the lever, that is, as ſix tenths of an inch 
to thirteen inches, or in whole numbers, as ſix to 
an hundred and thirty; but as there are 24 teeth 
in the wheel of that axle which ſuſtains the weight, 


and as the endleſs ſcrew moves but one of thoſe 


teeth in each revolution of the lever, the lever 
muſt go round 24 times in order to turn the axle, 
which ſuſtains the weight, once; upon which ac- 
count the power muſt be to the weight, as one to 
24, which ratio of one to 24 being combined with 
the former of ſix to 130, gives à ratio of ſix to 
120, or of one to 52p; ſo that an ounce weight 
being made to act with all its gravity at one W 
21970 | the 
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compounded of both, will be as one to 1040; ſo 


* 
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the lever in order to turn l which may be 
done by fixing a wheel to the lever, will balance a 
weight of 520: ounces at the. axle of the toothed 


er, will balance a 


„„ 1 5 a 28 0 þ4 7 i oT ago 
- If to the laſt machine one, moveable pulley be 
added, it will conſtitute a machine of double the 
force; for the ratio of the power to the weight in 


the foregoing machine, being as one to 520, and in 


a ſingle moveable pulley, as one to two; the ratio 


that in this machine an ounce will balance 86 


pounds 8 ounces; and if the ſtrength of a man's 


hand be ſuch, as that it can without the aſſiſtance of 
an engine ſupport an hundred pounds, it will by 
the help of this machine ſuſtain 104000 pounds. 

In all that has been hitherto ſaid concerning the 


mechanick powers, the moving force and the 
weight or reſiſtance have been ſuppoſed to act in 
direct oppbſition to one another. I ſhall now con- 
ſider the effects of powers acting obliquely, and 


ſhew in what caſes they balance each other. 


And firft, if three powers acting in oblique dis 


rections, be to one another, as the reſpective ſides of 


a triangle formed by the concourſe of three lines 
drawn parallel to the directions of the powers; 
thoſe powers will balance one another. For in- 
ſtance, if three powers drawing the point A in. the 
directions AB, AC, and AE, be to one another, as 
the ſides of the triangle ADE, or ADC, made by 


+++ the concourſe of the lines AD, AE, and E D; or 


— 
” 


* 
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powers; but the power denoted by AD may be Lack. 


reſolved into two powers denoted: by AE or OD, VIII. 
and A C or E D; which two powers acting to- 


gether upon the point A in their proper direc- 
tions A E and A C, will draw it as ſtrongly towards 


D, as it is drawn by the ſingle power denoted by 
AD; as is evident from what has been ſaid concern- 
ing the reſolution and compoſition of motions and 
forces; conſequently, two powers which are as AE 
or CD, and ED or AC, acting in the directions 
AE and AC, will balance the third power which 
is as AD acting in the direction AB; that is, two 


powers, which are as the two ſides of a triangle, 


acting in directions parallel to thoſe ſides will ba- 
lance a third power, which is as the third ſide, and 
which acts in a direction parallel thereto; and what 
has been thus proved in particular of two of the 
powers with regard to the third, is in like manner 
demonſtrable of any two of the powers with reſpect 
to the other; conſequently, any three powers 


which are to one another reſpectively as the ſides 


of a triangle, and which act in directions parallel to 


thoſe ſides, will deſtroy each the other's effect, and 
remain in æquilibrio. To confirm this by an expe- 


riment; let the ſides of a triangle A B C drawn on pi. . 
nan horizontal plane be as two, three, and four; Fig. 2. 
and let CE be parallel to the ſide A B, and the ſide Exp. 5. 


AC continued towards D. tet three ſmall cords 
be joined together at C, and ſtretched over three 
pullies in ſuch a manner, as that one of them may 
cover the line CD, another the line CE; and the 
third the line CB; this being done, if a weight of 
four ounces be hung to the cord which paſſes over 
d, and one of three ounces to that which covers 
CB, and one of two ounces to that which covers 
GE, there will be a balance; the weighs, which 
in this caſe are the moving forces, being to one 
another as the ſides of the triangle to which the di- 
rection of the weights are parallel. e 
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Laer. If the weight A Hangs freely from one end of a 
VIII. balance, fo as to have its line of direction DA per- 
P. 4. pendicular to the arm of the balance; and if ano- 

Fig. 3, 4. ther weight as B, be hung at the other end E, in 

Lap. 0. ſuch a manner, as that its line of direction E C by 
paſſing over à pulley at C may be oblique to the 
arm of the balance, the weight B muſt be to the 
weight A when it counterbalances it, as EC to 
CF, that is, as radius to the ſine of the angle 
CEF made by the oblique direction of B with 


„ 


1 


the arm of the balance; for if the whole force of ; 
gravity in the weight B acting in the direction EC, 
be denoted by the line E C, it may be reſolved in- 
to two forces denoted by EF and F C, acting in the < 
directions of thoſe lines, of which two forces, the "mn 
latter only which acts in the direction FC perpendi- 2 
cular to the arm of the balance withſtands the force 1 
of gravity in the weight A, the other force which b 
acts in the direction EF being entirely employed in fl 
preſſing the balance againſt the axis of its motion; b 
fince therefore, that part of the weight B which p 
acts in oppoſition to the weight A, is to the whole b 
weight B, as FC to EC; it is manifeſt, that in or- tc 
der to make the weight B balance the weight A, it al 
muſt exceed the weight A in the ſame proportion be 
that the line E C exceeds the line FC; and thus w 
it is found to be from experiments; for if the pul- is 
ley be ſo ordered as that EC may be to FG as an 
three to two, then a weight of three ounces ap- th 
pended at E, will balance one of two ounces ap- co 
pended at D. | 24S 5 2 „ 2 wh 
| As a COROLLARY: it follows,, that the perpendi- tar 
cular diſtances of the lines of direction from the alt 
center of motion, are to one another inverſly as the tri 
weights; for, if from G the center of motion be | bet 
let fall GaH perpendicular to EC, that line will be pe 
the perpendicular diſtance of the direction EC from of 


G; and E G, equal to D G, is the perpendicular 
diſtance of the direction DA; but the triangles 
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at E are equal, and they have each a right angle; 
conſequently, as E C is to CF, ſo is E & to HG; 
but the weight B is to the weight A, as E C to FC, 
that is, as E G or D G to HG; ſo that wherever 
two powers which act in oblique directions, are to 
one another in the inverſe ratio of the perpendicular 
or ſhorteſt diſtances of their lines of direction from 
the center of motion, they muſt balance one another; 
whence it follows, that if two weights as A and B, 
be ſuſpended from two points as D and E in the 
plane of a wheel placed in a vertical poſition; and 
if the line D E which is drawn thro? the two points 
of ſuſpenſion, paſſes thro* C the center of motion, 
the weights will balance, provided they be to one 
another inverſly as the diſtances of their points of 
ſuſpenſion. from the center of motion, that is, if A 
be to B, as C E to CD; for ſince the weights hang 
freely, their lines of direction D A and F B, will 
be perpendicular to the horizon, and of conſequence, 
parallel to each other; wherefore, if the line HCF 
be drawn thro' the center of motion perpendicular 


. 
EFC and EHG are fimilar. becaufe their angles Lrer- 
_ *s 4 


to the two lines D A and F B, the triangles DH C - 


and E C F will be ſimilar, confequently, D C will 
be to E C, as H C to F C; but by ſuppoſition, the 
weight A is to the weight B, as CE to C D; that 
is as C F to C ; ſo that the weights are to one 
another inverſſy as the perpendicular diſtances of 
their lines of direction from the center of motion; 
conſequently, they muſt balance; and though the 
wheel ſhould be turned upon its axis, and the dif. 
tances of the lines D A and E B from C be thereby 
altered, yet will the ſimilarity of the forementioned 
triangles continue, and of conſequence the balance 
between the weights will be preſerved; as will ap- 
pear from the Files ng experimenc, Let a weiglit 

of one ounce be ſuſpended from the point D, arid 
another of two ounces _ the point E; D C be- 
| ing 
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Lecr. ing to E C, as two to one, that is, inverſly as the 
VIII. weights, there will be a balance, and the wheel 
= will continue at reſt. And if by the force of the 
hand it be turned about its axis either to the Tight 
from I towards K, or to the left towards M, the 
lance will ſtill continue, and the wheel will remain 
unmoved when the hand quits it, whatever be its 
WWW | 
4. lf the points of ſuſpenſion D and E be ſo poſited, 
F. 6. as that the right line D E which joins them, does 
not paſs thro* C the center of motion; let that line 
be divided any where as in G by another line as I 
L paſſing thro". the center C, and there will be a 
balance, if the appending weights be to one ano- 
ther inverſly as the parts of the line D E, that is, if 
A be to B as E G to D G, provided the poſition of 
the wheel be ſuch, as that the line I L may be per- 
pendicular to the horizon; for ſince the lines E F, 
C, and D H are parallel, N C is to HC, as EG 
to DG; but by ſuppoſition, as E G is to D G, ſo is 
A to B; wherefore A is to B, as F G to HC, that 
is, the weights are inverſly as the perpendicular diſ- 
tances of their lines of direction from the center of 
motion, conſequently, their moments are equal; but 
if by turning the wheel about its axis the line I L be 
put out of its perpendicular poſition, the balance 
will be deſtroyed ; becauſe, in that caſe, one of the 
lines of direction will prone nearer to the center 
of motion, whilit;the other recedes ; and of courſe 
- their perpendicular diſtances will not continue in 
the inverſe ratio of the weights; for if the wheel | 
be moved upon its axis from I towards K, ſo as to - 
have the line 8 CR perpendicular to the plane of | _, 
the horizon; the line of direction D A will ap- tb 
proach towards the center ſo as to become DP, and f 
its perpendicular diſtance from the center of motion 15 
will be N C, whilſt the other line of direction re- th 
cedes as far as E Q, and its perpendicular diſtance ; 
EG from pt 
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nearer to the center of motion, and at length 


by the line 8 R, ſo as that D'T may be one third of 


at D, and another of one ounce at E, the ſame 
things will ha 95 as in the former experiment; 


O OB8fLfQUuE PowWtks!' I 
from c becomes equal to O C; for which e L ey. 


weight B muſt pfeponderate, and move the wheel VIII. 


about its ais in 1 7 direction 1 K T. And ds thé 
wheel continues to move in that i ection, the di- 
rection of the weight A will approach nearer and 


beyond it, ſo as to be on the fame ſide with the 
direQion of the weight B; ſq that the wheel Will 
then be moved by the joint force 'of both weights, 
and continue ſo to de, till ſuch time as the direction 
of the weight B getting on the other fide of C, B 
begins to act in oppoſition to A, and at length 'the 
point I being brought into the place of L, the 
weights do again balance each other, the line B E 
being divided by the perpendicular line IL in the 
reciprocal atis of the weights. To confirm 1 = Exp. 1. 
has been ſaid by an experiment, let the line D 
the plane of a "a 1 divided in G by e Und 
1 L in ſuch a manner, à8 that DG may be double 
of E G; then ſetting the lirie IL. N 
let a weight of one ounce be hung from D, and 
another of two ounces foul E. ind the wheel will 
remain unmoved 3 let n the w wheel be. turned EL 
little upon its axis, ei Wo the right hand or to 
the left; in the former Ts; the two ounce weight | 
will prevail, And carry the wheel downward to the 
right hand, but in the latter the ſmaller weight will 
preponderate, and make the wheel to revolve. to⸗ 
wards the left. 

If the line DE be divided f in another point as 7. Exp. 9: 
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ET; and if a weight of three ounces: be ſuſpended 


fot the line 8 K being placed vertical there will be a 
balance; and upon r it gut of that poſition 
the balance will be deſtro | 
H che! crooked lever F CD be ſo placed on its Pl. 4. 
peep at 827 as $ that the a a0 CF may be parallel 3 Fig. 7. 
the 
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Luar. the plane of the horizon, and the arm C D inclined 
VIII. thereto, if two weights as B and A, appended at 
| D and F, be in the reciprocal proportion of the 

perpendicular diſtances of their lines of direction 


from the prop; that is, if B be to A as F C to E C 


there will be a balance; for as long as the arm CF 
continues parallel to the horizon, the weight Bhang- 
ing from the point D acts in the ſame manner in 


oppoſition to the weight A, as if it hung from E the 
extremity of the ſtrait lever F C continued on to E, 
in which caſe the weight B that balances the weight 


A muſt bear the ſame proportion to it that F C does 
to E C; if therefore the arm D C be bent in ſuch, 
a manner, as that E C may be one half or one 
third of F C, in the former caſe a weight of two 
ounces, and in the latter one of three ounces hang- 
ing from D, will be counterpoiſed by one ounce 


hanging from F. 


£ 


ſible; for firſt, if. the point F be moved upward 
towards H, and of courſe the point D downward 


towards G, it is manifeſt, that the diſtances of both 


directions will be leſſened; but the decreaſe of E C 


in a given time will bear a greater proportion to 
the decreaſe of F C than E C does to F C; for by 
that time the point D has moved from D to G thro 


the arch D G, which meaſures the angle of C D's 


inclination, E C will vaniſh; whereas F C cannot 
vaniſh till ſuch time as the point F has moved from 
F to M thro? the quadrantal arch F M; but in the 


ſame time that the point D moves from D to G 


thro' the arch D G, the point F can move only 
from F to H thro' the arch F H ſimilar to D G; 
which arch being always leſs than the quadrant, the 
Ib 8 perpendicular 


If by moving the lever, the arm F C be put out 
of its parallel poſition, the balance will be deſtroy- 
ed; for that cannot be preſerved, unleſs the diſtance 
of B's direction from he prop continues to bear 
the ſame proportion to the diſtance of A's direction, 
that E C does to F C; which in this caſe is impoſ- 


ae 2 


2 4 
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perpendicular diſtance of A's direction from the Lzer. 
prop, to wit F C, will not vaniſh upon the arrival of VIII. 
the point F at H, that is, it will not vaniſh ſo ſoonn 
as E C; conſequently, the decreaſe of EC in a 
given time muſt bear a greater proportion to the 
decreaſe of F C, than E C does to FC: wherefore 
E C as diminiſhed in any given time, will be to 
F C as diminiſhed in the ſame time, in a leſs pro- 
portion than that of E C to F C; or in other words, 
the perpendicular diſtance of B's direction from the 
prop will bear a leſs proportion to the perpendicular 
diſtance of A's direction, than E C does to F C; 
and therefore the weight A will preponderate. If 
the point F be moved downward, and conſequently 
D upward, it is manifeſt from the inſpection of the 
figure, that the diſtance of A's direction from the 
prop continually diminiſhes, at the ſame time that 
the diſtance of B's direction increaſes; and there- 
fore the weight B muſt in that caſe overbalance the 
weight A. | ; 

if FCD be a crooked lever placed as the laſt, pi. 4. 
and if a weight, inſtead of being hung from the Fig. 8. 
arm D C, be laid thereon at D, and by a vertical 
plane, as H K, ſet cloſe-to it, be hindered from 
falling off; from the point D, wheregn the weight 
reſts, let the line D E be drawn perpendicular to the 
arm F C continued on towards G; the weight at D 
will. be balanced by the weight A hanging freely 

from F, provided the weight D be to the weight A, 
in a ratio compounded of E C to C D/ and of F C 
to CD; that is, as a rectangle under E C and FC 
the perpendicular diſtances of the directions of the 
two weights from the prop, to the ſquare of C D 
the inclined arm of the lever. For whatever be 
the moment wherewith the hs A preſſes down 
the arm F C, the arm D C muſt with an equal mo- 
ment be preſſed upward, and with it the weight D 
in the direction D G perpendicular to C D; and 
N | foraſmuch 
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foraſmuch as the ſame weight preſſes: perpendicularly 


againſt H K the vertical plane, it muſt be preſſed 
TY 2 


ckward by the ſame in an horigontal direction; 
and at the ſame time it muſt haye a tendency down- 


ward from the force of gravity in the direction 


E P; ſo that it is ated upon by three forces in the 
direQions DG,GE, and E D; in order therefore 
to a balance, the forces muſt be as the ſides of the 


triangle D G E; and the force of gravity which 


preſſes it in the direction E D, mult be te the ſorce 
preſſing it in the direction DG, as E D to D G, 


gr, — 4 the triangles D G E and C DE are 


ſimilar, as EC to CD; but as the force which 


preſſes it in the direction DG is of equal moment 
with the weight A, that force muſt be to the weight 
A, as FC to CD; conſequently, the force of gra- 
vity in the weight D mult be to the force of gravity. 


in the weight A, that is, the weight D muſt be to 


| Exp. 10. 
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the weight A, in a ratio compounded of E C to 
C D, and of CF to CD, or as the rectangle under 
CE and CF to the ſquare of CD. To confirm 
this by experiment, let a crooked lever as FG 
conſiſt of equal arms, and let it be bent in ſuch, a 
manner, as that E C may be to G P, as one to two; 
and let a weight of one ounce be laid on at D, and 
another of two ounces be hung from F, and they 
will balance each qther ; for in this caſe the product 
of EC which is as one, into FC which is as two, will 
be two; and CD being as two, the ſquare thereof 
will be four; ; ſo that the reQangle under E C and 
CF, is to the ſquare of C D, as two to four, or as 
one to two, in which propoxtian therefore hy ba- 
lancing weights muſt be. 
All things remaining as in the laſt experiment, 
excepting that the arm CP is as long again as C D, 


5 that E C, C D, and CF, are as one, two, and 
dur; a weight of one ounce at D will be balanced 
x one. PI hanging freely from F; for CD being 
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as two, its ſquare is four; and the product of E E, Her? 


which is as one into FC, which is as four, is likewiſe 
four. 5 Wo, | 
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In wheels turned by the force of water falling Exp. 12. 


upon them from an height, and which on that ac- 
count are commonly called overſhot wheels, the 


moving power is partly the percuſſive force of the 
water which falls into the uppermoſt bucket, and 


partly the gravity of the water contained in the 
other buckets, which are lodged on the rim of the 
uppermoſt quarter of the deſcending part of the 
wheel; and the effects which theſe forces have upon 
the wheel, are greater or leſs in proportion to their 
abſolute quantities, and the diſtances of their lines 
of direction from the center of the wheel. Thus, 
where AIO P repreſents an overſhot wheel, C its 


center, K, L, M, N four buckets fixed on the up- 


permoſt quarter of the deſcending part of the wheel; 
A B the direction of the water flowing into the 
uppermoſt bucket K, C B the perpendicular diſtance 
of that line from the center C; DE, F G, and HI, 


Pl. 4. 


a 


Fig. 9. | 


the lines of direction of the centers of gravity of the 


ſeveral portions of water contained in the buckets 


L, M, N; CE, C G, and CI, the perpendicular 


diſtances of thoſe lines from the center C. The 
force of the water flowing into K is proportional 
to the quantity flowing in a given time, as alſo to 
the velocity wherewith it flows, and the diſtance of 
its line of direction from the center; and therefore, 
where the quantity and velocity are given, the force 
will be as B C, the perpendicular diſtance of A B, 


the line of direction, from C, the center of motion; 


conſequent]y, the nearer A B approaches to the tan- 


| on in the point A, or the more obliquely the water 
flows in upon the wheel, the greater will its force 


be. The portions of water contained in the buckets 
L, M, N, have different forces according to their 
different quantities, and the different diſtances of 
their lines of direction from the center C, their 

quantiries 
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quantities being, greateſt, when the diſtances of | 


their directions are leaſt, for the buckets empty as 
they deſcend; fo that their force leflens as they 
deſcend, by reaſon of the diminution of their 
quantities, but at the ſame time it likewiſe increaſes 
on account of the increaſe of the diſtance of their 


lines of direction from the center of motion; ſo that 


upon the whole, the force in each bucket may be 


looked upon as invariable; but whether this be ſo 
or not, certain it is, that if the wheel be , truly cen- 
tered, and the buckets be equal and alike, and if 
the water flows in uniformly, the whole moving 
force muſt continue the ſame as long as the wheel 


continues to move; and ſince it acts inceſſantly, 


the motion of the wheel muſt be continually acce- 


lerated, and that uniformly; and thus it would be, 


were it not that when the wheel arrives at a certain 


degree of velocity, the reſiſtance which is given 


becomes ſo 2 as to deſtroy the increments of 


motion as faſt as they are generated by the moving 


force; by which means the wheel is made to 
revolve with one uniform velocity, which is the 


greateſt that can be given it by that moving 


ower. - | 
n A plane as A B placed obliquely to B C, which 
repreſents an horizontal plane, is called an inclined 
plane; the angle A B C is called the mg of ele- 
vation, and its complement B A C the angle of inch. 
nation; the line A C perpendicular to B C is called 
the height of the plane, and A B its length. If a 
weight as P be laid on an inclined plane as A B, and 
be thereon ſuſtained by a power acting in a direction, 
as PF, parallel to the inclined plane; in order to a 
balance, the ſuſtaining power muſt be to the weight 
as the height of the plane to the length thereof, that 
is as A C to A B, or, putting B A for the radius, 
as the ſine of the angle of elevation to radius; for 
the weight P is acted upon by three powers in dif. 
ferent directions, the firſt of which is the force of 
gravity, 
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gravity, which preſſes it downward in the direction 
PD perpendicular to B C; the ſecond is the power 


which draws it in the direction P F parallel to B A; 


and the third is the plane B A, which does as it were 
preſs it upward in the direction P H perpendicular 
to B A; for as the weight P preſles the plane in a 
direction perpendicular thereto, it is reacted upon 
by the plane in a contrary direction. If therefore 
the line E G be drawn parallel to P D, the ſides of 
the triangle P E G will be, proportional to the three 
powers, and the force which ſupports the weight on 
the inclined plane, and which acts in the direction 
P F, will be to the abſolute weight of the body act- 
ing in the direction P D parallel to G E, as P G to 
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GE; but inaſmuch as the triangles PE G and CBA 


are ſimilar, as PG is to G E, fois A C to AB; 
conſequently, the power neceſſary to ſupport a 
weight on an inclined plane muſt bear the ſame pro- 
portion to the weight ſuſtained, that the height of 
the plane does to its length: which is confirmed by 
experiments; for if a weight of four ounces be laid 
on a plane whoſe length is to its perpendicular 
height, as two to one, it will be counterbalanced 
by a weight of two ounces, provided the whole 
_ gravity thereof be made to act in drawing the other 
weight in a direction parallel to the inclined plane, 
which may be done by faſtening one end of a cord 
to the greater weight, and then ſtretching the cord 
along the plane, ſo as to keep it parallel thereto, 
and paſſing it over a pulley at the top of the plane; 
for the ſmaller weight being tied to the end of the 
cord which lies beyond the pulley will hang freely, 


and for that reaſon act with all its gravity in a direc- | 


tion parallel to the plane. 
The ſame weight of four ounces being laid on an 


inclined plane, whoſe length is to its height as four 


Exp, 13. 


Exp. 14. 


to one, will be ſuſtained by a weight of one ounce | 


hanging freely as before. 


The 
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' 
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The force wherewith a body reſting on an inclined 
plane preſſes the ſame, is to the weight of the body, 
as the ſine of the angle of ' inclination to radius; 
for in the triangle PE G, P E denotes the force 
wherewith the body preſſes the plane, and G E the 
weight of the body; but from the ſimilarity of the 
triangles, as PE is to G E, ſo is B C to B A; and 
putting B A for the radius, B C is the fine of BA C 
the angle of inclination; wherefore as B C the ſine 
of the inclination is to the radius A B, ſo is the 
force wherewith the body preſſes the plane to the 
abſolute weight of the body. Hence, if upon an 
inclined lever as A B, reſting on the two props A 
and B, a weight be laid any where, as at P, it will 
be eaſy to determine what proportion of the weight 

each prop bears; for drawing the horizontal line 
A E equal in length to A B, and from the point P 
whereon the weight reſts, letting fall PD perpendi- 
cular to AE, if A E be ſuppoſed to denote the 
whole weight of the body, A D will denote that part 
of it which is ſuſtained by the uppermoſt prop, and 
D E that part which is ſupported by the lower; for 
if the lever was horizontal, ſo as that the body might 
preſs it with all its gravity, the whole weight of the 
body would be to that part of it which preſſes the 
prop B, as B A to PA, as is evident from what has 
been ſaid concerning the ſecond kind of lever; but 
as in the inclined poſition of the lever the whole 
| weight of the body does not preſs upon it, that part 
of the weight which the prop B ſuſtains in the hori- 
zontal poſition, muſt be to the part ſuſtained in the 
inclined poſition, in the ſame proportion with the 
abſolute weight of the body to to the force where- 
with it preſſes the inclined plane, that is, as P A to 
AD; for putting P A for the radius, A D is the 
ſine of the inclination of the lever; conſequently, 
the whole weight of the body muſt be to that part 
which preſſes on the prop B in the inclined poſition 

| of 
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of the lever, in a ratio compounded of BA to P A, 
and of PA to A D, that is, it muſt be as BA to A 
D. or becauſe A B and A E are equal, as A E to 
A D; and of confequenee the part ſupported by the. 
other prop A muſt be as DE. | 
Hence it follows, that if two perfons carry a load 
fixed upon a lever, the load being placed between 
them, which is the caſe of chairmen, upon defcents 
the foremoſt ' man will bear the greateſt burthen, 
and upon afcents the hindermoſt. It likewiſe fol- 
lows, that in coaches and all other four-wheel car- 


thoſe behind, the load muſt be thrown more upon 
the former than the latter; what effect this has upon 
the draft, ſhall be ſhewn in my next lecture. 


LECTURE K. 
'Or FRICTION. 


N my laſt lecture I ſhewed you what force is 
] requiſite to ſuſtain a body on an inclined plane. 
If a body be laid on a plane parallel to the horizon, 
it does not ſtand in need of any force to ſupport it; 
for as the direction of gravity is perpendicular to 
the plane of the horizon, the whole weight of the 


body muſt be ſuſtained by the horizontal plane 


whereon it reſts; whence it follows, that if any 
power endeavours to move a body reſting on an 
horizontal plane in a direction parallel to the plane, 
it will meet with no reſiſtance from the weight of the 
body, that being entirely taken off by the reaction of 
the plane whereon the body preſſes ; but a reſiſtance 
will ariſe from the attrition of the body againſt the 
plane; for the ſurfaces of all bodies whatever, 
even ſuch as are of the fineſt poliſh, being in ſome 
meaſure rough and unequal, (as is evident from the 


obſervations 


riages, which have the forenioft wheels ſmaller than 


rag 
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microſcopes) when a body is moved upon a plane, 
the prominent parts both of the body and plane 
muſt of neceſſity fall into each others cavities, and 
thereby create a reſfiſlance to the motion of the bo- 
dy, inaſmuch as the body cannot be moved unleſs 
the prominent parts thereof be continually raiſed 
above the prominent parts of the ſurface whereon 
it ſlides ;' and this cannot be done unleſs the whole 
body be at the ſame time lifted up, and as it were 
raiſed on an inclined plane equal in height to the 


forementioned protuberant parts; upon which ac- 


count the moving power mult ſuſtain ſome part of 


the weight of the body, even in moving it along an 


to move the moſt ponderous body along an hori- 


Exp. 1. 


horizontal plane. But as this is occaſioned by the 
inequalities in the ſurface, if thoſe were intirely taken 
off, ſo as to leave the ſurface perfectly ſmooth and 


even, the reſiſtance ariſing from friction would like- 


wiſe be removed; and ſetting aſide the reſiſtance 
of the medium, the ſmalleſt force would be ſufficient 


zontal plane. But ſince there are not in nature 


any bodies, whoſe ſurfaces are perfectly equal, there 


will ever be ſome reſiſtance ariſing from friction; 
which reſiſtance will remain unvaried, whatever be 
the magnitude of the ſurfaces that rub one againſt 
the other, provided the weight which preſſes thoſe 
ſurfaces together, as alſo the roughneſs of the ſur- 
faces, continue the ſame; for the ſame weight will 
ever require the ſame force to raiſe it over promi- 
nences of a given height, whatever be the magnitude 


of the ſurface whereon the weight reſts; conſequent- 


ly, the quantity of reſiſtance will not be varied by 


varying the magnitude of the ſurface; which may 
be confirmed by the following experiment. Let 


four pieces of poliſhed box, be laid on a poliſhed 
horizontal plane, and let each piece be ſo loaded as 
that its own weight, together with that of its load 

| may 
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may be 6685 grains, and let the bafis of one be two 
inches long, and half an inch broad, and thoſe of 
the other three be each four inches in length, but 
let their breadths be half an inch, an inch, and an 
inch and an half, fo that the magnitudes of the 
baſes may be as one, two, four, and fix; let then 
a ſmall cord be faſtened to the end of each piece, 
and by paſſing over a pulley be kept in a poſition 
parallel to the plane, and a weight of 2030 grains 
hanging from the end of the cord which lies beyond 
the pulley will juſt ſuffice to move each piece along 
the plane; ſo that the reſiſtance ariſing from fric- 
tion is the ſame in each piece, notwithſtanding 
= different magnitudes of the ſurface whereon they 
* T3 


If the roughneſs of the ſurfaces whereon the bo- 
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dies move be given, the reſiſtance ariſing from fric- 


tion will vary with the e ee of the bodies, and 
be proportional thereto; for if a certain force be 


ſufficient to raiſe a certain weight over prominences 


of a given height, it is manifeſt that a double or 
triple weight will require a double or triple force to 
' raiſe: it to the ſame height. If therefore the pieces 


of box be ſo loaded, as that each of them with its 


load may weigh 13370 grains, that is, as much 


again as in the laſt experiment, a weight of 4060 


grains, that is, twice as much as before, will be 


neceſſary to move them along the ſame plane. 


If the roughneſs of the ſurface whereon a body 
moves be increaſed, the reſiſtance will likewiſe 


increaſe tho? the weight of the body remains the 


ſame; but as the degree of roughnels in any ſurface 


cannot otherwiſe be determined than by experiment, 
ſo neither can the reſiſtance ariſe therefrom : if the 


plane made uſe of in the Jaſt experiments be thinly 


covered with fine fand, the reſiſtance will thereby 


become greater in the proportion of about five to 


four; for the ſame pieces of box which were ſet a 
going by 2030 grains when the plane was free from 
N ſand, 


Exp. 3. 


132 Oy WHEEL CARRIAGES. 


Lier. ſand, will in this caſe require 2 o grains, that! , 
IX. about one fourth more. E 
— To avoid as much as poſlible the reſiſtance ariſing: 
| from friction, which in rough and uneven roads 
mult needs be very great, 'WHEEL CARRIAGES have 
been contrived; the advantages whereof I hall 
endeavour to explain to you, but I ſhall firſt 
ſhew you from what cauſe it is that wheels turn 
round during their progrefſive motion along a 
Pl. 4. plane. If a wheel as A C B playing freely on the 
Fig. 12. axis at A, be lifted off the plane B D by a power 
applied to the axle, and be carried in any direction 
whatever, it will not revolve about the axle; for 
ſince in all wheels that are truly made, the axle 
paſſes thro? the center of gravity, it is evident, that 
in this caſe the wheel is ſuſpended by its center of 
gravity, and of conſequence will not of itſelf change 
Its poſition, but each point thereof will deſcribe a 
line parallel to the direction of the moving power 
without any rotation about the axle, in the very 
ſame manner as if the wheel was fixed to the axle; 
but if one point of the wheel as B reſts upon the 
plane B D, and if a power applied to the axle 
draws the wheel in any direction as A P, ſo as to 
move it along the 8 BD; the motion of the 
B point B will be retarded by the tefiſtance ariſing: 
from friction, whilſt the point C which meets with: 
no reſiſtance is carried forward without any Tetars: 
dation of its motion, and conſequently muſt' move 
forward faſter than the point B; but as all the parts 
of the wheel cobere, the point C. cannot move 
forward faſter than the point B, unleſs the wheel 
revolves about i its axis from C 8 E; and as the 
ſeveral points of the wheel's circumference, which 
are ſucceſſively applied to the plane, ſuffer a retar - 
dation in their motion whilſt the oppoſite points 
move freely, the wheel during its progreſſive motion 
along the plane muſt continue; to revolve _—_ its 


axle. Lori Sth NIE, 
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By this rotation of wheels about their axles, the 
reſiſtance ariſing from friction is very much dimi- 
niſhed, and — 

in plain roads, where the height of the prominent 
part is inconſiderable with reſpect to the diameter of 
the wheel; the parts of the revolving wheel which 


apply themſelves ſucceſſively to the road, may be 
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thereby rendered more eaſy; for 


looked upon in ſome meaſure as deſcending upon 


the minute prominencies, and of courſe muſt paſs 
over them without any conſiderable friction. And 
ſo much is the reſiſtance ariſing from friction dimi- 
niſhed in wheel carriages, that if upon the ſame plane 
whereon the pieces of box were drawn, a carriage 
be laid with four equal wheels, each three quarters 
of an inch in diameter, and loaded in ſuch a man- 
ner, as that the weight of the carriage and load may 
amount to 6685 grains, which was the weight of 
each piece of box with its load; it will be ſet a going 
by a weight of 420 grains drawing it horizontally, 
whereas 2030 grains were requiſite to move' the 
pieces of box along the ſame plane. 3 
From this experiment it appears, that the friction 
is very much leſſened by means of wheels; which 
diminution is not to be attributed to the wheel's 


touching the plane in a few points, as may poſſibly 


be imagined, but to the rotation of the wheels; for 
if the wheels of a carriage loaded as before be made 
faſt to the axle, ſo as not to revolve in their motion, 
2030 grains will be neceſſary to ſet the carriage a 
going, that is, juſt as much as was requiſite to move 
the pieces of box. : | 
As wheel carriages .in general meet with leſs re- 


_  ſiſtance in their motion than any, other, ſo thoſe of 


larger wheels, cæteris paribus, are leſs reſiſted than 
thoſe of ſmaller ; for the proof whereof, it will be 
. neceſſary to premiſe two LEMMAS ; the firſt of which 
is, that the ſecants of angles are to one another inver/ly 
as the ines of their complements, that is, A D, which 
is the ſecant of BA D, is to A C, which is the ſecant 

Es 
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to EF in a leſs proportion than A C to A B, that is, 


than the angle BA D; 
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of BAC, to AH, which is the fine of the complement 
of B A D. For from the nature of ſimilar triangles 


ADistoAC, as AEto AK, thatis, as AE to A 


G; but A E is to A G, as AF to AH; 
ly, AD is to A C, as AF to AH. 
Ihe ſecond LEMMA is, that if two arches of. un- 


conſequent- 


equal circles have their verſed fines equal, the arch of 


the leſſer circle is greater in proportion to the whole 
periphery, than the arch of the greater circle; or in 
other words, the angle meaſured by the arch of the 
leſer circle, is greater than the angle meaſured by the 
arch of the greater circle. Let H Fand DB be two 
arches of unequal circles, whoſe verſed fines F G 
and BC are equal; 1 * angle H E F is greater 

or ſince E F is leſs than A B, 
and G F and CB are equal, E F is to G F in a leſs 
proportion than A B to CB; conſequently, E G is 


the fine of the angle G H E is leſs than the ſine of 
the angle CD A, and of courſe the angle G H E is 


leſs than the angle C D A; conſequently, the angle 


Pl. 4. 
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H E G, which is the complement of the leſſer angle 


G HE, is greater than the angle D A C, which is the 


complement of the greater angle C D A. 

Theſe two LEMMas being premiſed, let H M 
repreſent a plane whereon move the two wheels 
A B H and K LR, which are of different magni- 
tudes, but equal in weight, and let B C and LM be 
two obſtacles of equal heights, and of ſuch a nature 
as that the wheels cannot otherwiſe paſs than by 
ſur mounting thoſe obſtacles; the force requiſite to 
draw the larger wheel over the obſtacle B C, is leſs 
than what is requiſite to draw the leſſer wheel over 
the obſtacle L M equal in height to the former; for 


fince the wheels revolve in pafling over the points B 


and L, their centers of gravity A and K may be 


looked upon as revolving about the fixed points B 


and I., and deſcribing the arches AF and K P; 


conſequently, 


7 . 
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may be looked upon as — fore upon inclined 
planes, whoſe directions coinct 

of the curves in the points A and K, that is, the 
coincide with the tangents A E and K O; whic 


tangents being parallel to the tangents of the wheels 


in the points B and L, that is to ſay, to D B and 


NL; the centers of gravity of the two wheels, and 


conſequently the wheels themſelves may be looked 
upon as drawn up the inclined planes DB andN L; 


but ſince the wheels are ſuppoſed to be equal in 


weight, the forces which ſupport them on the in- 
clined planes D B and N L, the height whereof is 


given, muſt be to one another inverſly as rhe - 


lengths of the planes; that is, the force which 
ſupports the larger wheel on the plane D B, mult be 
to the force ſupporting the ſmaller wheel on the 
plane N 15 as N | | 

L M for the radius, as the ſecant of the angle N LM 
to the ſecant of the angle DBC; or, becauſe K 8 
and L M, as alſo A 1 and B Care parallel, as the 


e with the directions 
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conſequently, the forces which move the Wheels Lagr. 


1 1 
* 
> —_— re. 


i 


L to DB; that is, putting BC or | 


ſecant of the angle K S L to the fecant of the angle 


AIZ; but, from the nature of ſimilar triangles, 

the angle K 8 L is equal to the angle K L Q. as is 
alſo the angle AI B to the angle A B G and 
therefore the force which ſuſtains the greater wheel 
on the inclined plane D B, is to the force fuſtaining 
the lefſer wheel on the iticlined plane N L., as the 
fecant of the angle K L Q to the fecant of the angle 


AB G; but, by the firſt Lenima, the ſecant of K L A 


is to the ſecant of A B G, as the fine of B A G to 
the fine of L K Q; and, by the fecond Lemma, the 
ſine of B A G is leſs than the fine of LK Q con- 
ſequently, the force which raifes the greater wheel 


over the obſtacle B C, is leſs than the force which 


raiſes the lefſer wheel over the obſtacle L M equal in 


height to the former; but the forces requiſite to 


11 


make the wheels furmount the obftackes are the 
meaſures of the reſiſtances, and therefore, ceteris 


K paribus, 


— 


= 
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| 
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| Lecr. paribus, the greater. wheel muſt meet with leſs re- 
IX. ſiſtance from the ſame obſtacle than the ſmaller. To 


tenth of an inch in height be fixed on an horizontal 
plane, and cloſe behind it let there be placed the 
carriage with four equal wheels, each three quarters 

of an inch in diameter, and if it be loaded in ſuch 
a manner as that the weight of the carriage and load 

may amount to 6685 grains, it will not be raiſed 
above the obſtacle by leſs than 28 50 grains drawing 

it in a direction parallel to the plane; whereas if 
four wheels, each an inch and an half in diameter 

be fiited to the ſame carriage, the weight of the 
whole being the ſame as before, it will be raiſed 
above the obſtacle by 2050 grains, that is, by 800 


* 


Tales wheels. 
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height of the obſtacle; ſo that putting R and r for 


nature of the circle, that a is to 
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Exp. GC. confirm this by an experiment, let an obſtacle, one 


grains leſs than were requiſite to raiſe it with the 


From this experiment it appears, that the reſiſt-- 


proportion 
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proportion of theſe-ſines is not fixed; but varies w ih 
the height of the obſtacle; ſo like wiſe muſt 

proportion, which the reſiſtance giyen to the greater 
wheel bears to the reſiſtance given to the ſmaller 3 
and all that can be determined in this caſe i is, that 


larger wheel ever meet with leſs reſiſtance in ſur», 


mounting obſtacles than ſmaller; and that the diſs 
proportion between the reſiſtances ſuffered by each 
wheel, increaſes with the height of the obſtacle, 
Indeed where: the obſtacle har which is the 
caſe when wheels move upon planes, che expreſſions 
| for the eras and ro the IVES 
OT | Ant 35 

themſelves ae, as + VR R and F Vt Ru that is, the ref 


ances are inverſly as FR ſquare roots of the 855 
diameters of the wheels; ſo that where the heights 
of the wheels are as one and two, the forces re- 
quiſite to draw them along the ſame horizontal 
plane, are as fourteen and ten, that is, inverſiy as 
the ſquare roots of one and two, which is confirmed 
by experiments; for whereas the carriage whoſe 

wheels are three quarters of an inch in diameter, 


required 420 grains to move it along the horizontal 


plane, the weight of the carriage and load being 
668 5 grains, the carriage -whoſe. wheels are r 
inch in diameter, when loaded in the ſame manner, 
will be ſet a going by 300 grains; but 429 8 to 
zoo, as 14 to 10, that is, the forces requiſite; to 
move the two carriages along the ſame plane are 
inverſly as the ns roots * che wee of the 
Wheels. i 8 Q 4111 11 

Af the nature af; the obſtacle: be Nach 8 tobe 


bore down bythe: preſſure of the wheel, the larger, 
wheel will. in this reſpect likewiſe have the vane 


tage over the'ſmaller;i and deprels he obſtacle wih 
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reuter force: For let LK be continued to I ſo. pl. 4. 
at TL may be equal to AB.; and ſince the wheels * 15. 


are en to be W r let AB and J. J. 
e expreſs 
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Expreſs: che abſolute forces of the two wheels acting 
inſt the obſtacles in the directions A B and K L; 


ya 4 
it is evident from what has been ſaid concerning 


the reſolution of forces, that the force denoted by 


Ah may be reſolved into two forces; one whereof 


24 ; * 


may be denoted by A G, and the other by G B, 
whereof A G alone acts in depreſſing the obftacle 
B C, inaſmuch! as it bears directly down upon it; 

whereas the other force denoted by G B, —— 
as its direction is perpendicular to the obſtacle; may 
thruſt it forward, but can comribute nothing to- 
warde preſſing it downwards from B towards C. 
In like manner the force denoted by T L, is re- 


ſolvable into two forces 97 which inay be denbtfud by 
T 


TV and VL, whereof T V alone ads in depreſſing 
the obſtacle LM ; conſequently, the foree where 
with the greater wheel depreſſes the obſtacle, is to 
the force wherewith it is depreſſed by the leſſer, as 
AG to , or as the fine of the angle A B G to 
the fine of the 8 —.— by the 
feeond Lemma, the angle B A G, which is the com: 
plement of G-B-A, is teſs: than — angle LKQ 
the eomplement of KL z| conſequently, the angle 
ABS is greater than TL V, and A G the fine of 
the former greater than T V the ſine of the latter; 
but as A G is to T V, fo is the depreſſing force of the 
. wheel to the depreſſing force of the leſſer ; 
— — the ſame obſtacle is more eaſily de- 
— by the larger wheel than the ſmaller, and of 
Gurſe muſt 80 leſs refiſtance to the former thai 
to the latter. 8410 
If the obſtacle be ſuch as {that | it can neithiyy de 
ſurntounted nor depreſſed,” but muſt be driven fbr- 
* then indeed the ſmaller wheel has the advan- 
age of the larger; for the forces of the wheels being 
eb a before, the lines G B and ME will exprefs 
' the forces which act in driving the obſtacle D 
but it has been demoriſtrated; that G B the ſine 2 
__ G AB, is . than VL the ſine of the 
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force wherewith the greater wheel:propels the ab 
ſtacle, is leſs than the force wherewith the ſmaller 
wheel propels the ſame ; beſides; as the greater 
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angle V T. I. equal to QK L; und therefore! th 


Leer, 
e 
S 


wheel preſſes the abſtacle directly downward iti a 


greater force than the ſmaller, the reſiſtance made 


by the ſame obſtacle to the propelling foret of the 
larger wheel, will be greater than what is made t 
the propelling force of the ſmaller; ſo that where 
the obſtacle is to be propelled, the ſmaller wheel is 
preferable: 0 the larger; but as in drafts this is 
rarely it at all the caſe, the obſtacles which are 
commonly met with in roads being fuch as mutt 
either be ſurmounted or depreſſed: by the wheels, 
ſuch wheels are to be preferred as- beſt: ſerve: both 
thoſe purpoſes, and thoſe I have ſhewn to be the 
larger wheels; which likewiſe are attended with 
other advantages beſides what have been already 
mentioned; for firſt, it frequently happens in rough 
and uneven roads that two obſtacles are placed ſo 
near each other, that before the wheel has quitted 
one it meets with the other, and reſting upon each, 
hangs between them; in which caſe the ſmaller the 
- wheel is, the lower it deſuends between the obſta - 


eles, and thereby renders the draſd more difficult; 


inaſmuch as it muſt be raiſed to a greater height in 
order to paſs: over the foremoſt obſtacle, than when 
the wheel it larger; For the illuſtration of which, 
let F E and IE G repreſent tw obſtacles placed at to 
fmall a diſtance, that the wheel having ſurmounted 
the firſt but not quitted it, may meet with the ſe- 
cond ſo as to hang between them; it is manifeſt, 
that as the arch F H of the leffer wheel, which 
lies between the obſtacles, has à greater cur- 
ture than F B E, the arch of the greater wheel, 
which lies between the ſame abitacles, the point Þ 
muſt deſrend lower than the point B; conſequently, 
the ſmaller wheel muſt be raiſed to a greater height 
_ than the larger, in order to paſs over the fame ob- 

| ſtacle ; 


. # / 
oF 1 
9 

7 


1 


Lect. 


3 


1 k 8 " . N N I 12 1 
* * _ A F ah” 3 
R * = f _—_— N 5 4 
5 I 1 . 
Ps” Bo : SI 
1 79 


— 


Or 'WAEEL CARRIAGES: 


ſtacle; and therefore a greater force will be necef- 
ſary to pull up the ſmalter wheel, than what is re- 
quiſite to raiſe the larger; which is confirmed by 
the following experiment. Let a carriage with four 
wheels each an inch and an half in diameter, and ſo 


- 16aded as that the weight of the carriage and load 


may amount to 668 5 grains, be ſo placed on the 
plane before made uſe of, as that the two foremoſt 
wheels may hang Gervizew two-obſtacles whoſe dil- 
tances is half an inch, and their height likewiſe half 
an inch, and a: weight of 1150 grains drawing the 
carriage horizontally, will move the wheels 8 
between the obſideles3 whereas if four ſmaller 
wheels be made uſe of each three quarters of an inch 
in diameter; a weight of 2700 grains: ill be.requi- 
fite td draw them from between the obſtacles. 
As heels cannot alyays run upon the nail, but 
muſt frequently: meet! with heavy roads, they wall 
fink. down, and thereby render the draft more dif: 
ficult; but the larger the wheels are, the leſs ceteris 


paribus will the depthꝭbe to which they fink; For 


if ABC denotes tke plane of tlie road; and if it be 
of ſuch a nature as to ſuffer the ſmaller wheel to ſink 
dowin as far as. E; it is manifeſt that the gravityl of 
the wheel muſt overcome the reſiſtance of as much 
of the earth whereon it preſſes, as risi equal tu the 
ſegment H ED; forlit cannot otherwiſe ſink, than 
by forcing ſuch 2. quantity of ;the;earth out! of its 
— and ſhauldithe larger wheel:firik to the ſame 
depth, the gravity thereof muſt oyercotne the re- 


ſiſtance of as much eartli as is equal to the ſegment 


AE C, that is, it muſt overcome a:greater reſiſtance 
in order to ſink to the fame depth with the ſmaller; 
but it: cannot poſhbly overcome a greater reſiſtance, 
becauſe it is ſuppoſed to have the fame gravity with 
the ſmaller ;. conſequently, it will not fink as deep 
as the ſmaller; and for chat e Wilk en the 
draſt leſs wonbleſometin t 50 t. Tor alls 
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As large wheels have che advantage of ſmall ones 
with regard to the reſiſtance'ariſing from the ob- 
ſtacles and impediments in the roads, ſo have they 
likewiſe in relation to the feſiſtance occaſioned by 
the friction of the box againſt the arm of the axle; 
not that this reſiſtance is leſs in greater wheels chan 
in ſmaller; for ſince it is not varied by varying the 
| magnitude of the ſurface” as Hàs been thewn, if the 

boxes and arms are truly fitted and of an equal 
ſmoothneſs, and the weig A whereby the arms and 
boxes are preſſed together be equal, the quantity of 


rer“ 


. . 


reſiſtanee will be given, whatever be the ma nitude 
of the wheels; às alſo of the arms of the axle 


whereon they play; but where the arms of the àxles 
are of equal diameters, (which is commonly the caſe 
in one and the ſame carriage, tho! the wheels be 
unequal) a leſs force is requiſite to overcome che 
oy reſiſtance'in'a larger wheel than in a müller z 
in this eaſe the ſemidiameter of the wheef may 

be looked upon as a lever, whoſe prop or fixed point 
is at the center of the arm, and the (impediment 
ariſing from the friction of the box againſt che arm. 
may be looked upon as a” weight placed n on the 
lever at the diſtance of the armis femidiameter from 
the prop, whilſt the moving power is applied to the 
extremity of che wheel's ſemidiameter; and there- 
fore in KA to a balance; the p power muſt be'to the 
reſiſtance; as" the Tentickeweter of the arm to the 
| ſemidiameter of the wheel; ſince then the impedi- 
ment is given, a ag alſo the Aiftince thereof from the 
prop, it is evident, that the larger the lever is, and 
conſequently, the larger the wheel, the leſs is the 
force requiſite to overcome the refiſtance. Thus, 
if BE F repreſents the circumferetice of the arm of 
an axle, whereon the wheels A G H and DIR 
revolve, C the center of the arm, B C its femidi. 
ameter, D O the ſemidiameter of the ſmaller wheel, 
e A C that 8 the 9 in the e bigger wheel 


the 


pl. 5g. 
Fig. 3. 
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as D.C to A C, that is, Weg. as the ſemidiame- 


Exp. 8. 


the Leng of the lever is A C, and in the ſmaller 
DC; fince therefore the ſame impediment is in both 


levers placed at the ſame, diſtance from the prop C, 


to wit at B, it will be balanced by. 2 leſs force at A 
than at D; and the force at A is to the force at D, 


ters of the wheels; for the force at A i is as BG 
applied to A C, and the, force at D is as the ſamę 
BC applied to D C; that is the force at A, which 
balances. the reſiſtance at B, is to the force at PB 
which balances the ſame: reliance, as BC. divided: 
by A C, to B C. divided by D C, that i 8 multiply 
ing croſſwiſe, and throwing out BC as D to A G. 
Whence it follows, that when the ſemidiameter of. 
the arm is giyen, the more the wheel is enlarged, 
the leſs will the force be thay. is requiſug to overcomę 
the reſiſtance ariſing from the friction of the wheel 


againſt the arm ; 5 o that upon this account as well. | 
oh Ne: — large wheels are to be preferred 0 


"in 4H to leſſen dhe reſiſtance ariſing- from the 
fi * of the box againſt the arm of the axle, there 


been a late cqntmyance, whereby the axle, con- 


x 2118 to what is uſual in moſt 7 is made to 
ręvolye, 1 0 its arms, inſtead of preſhng againſt the: 
boxes, are made to beat on the circumferenges of 


movea « heel which wheels from their uſe in | 


Gies th e friction, are by the author of this 
contrivance called friction abel. Now: that ſuch 


wheels, where they can be made uſe. of, do take off 


much of the reſiſtance occaſioned. by friction, will 
appear from the following experiments; from the 
axle of the macyige. alle the axle in the wheel, in 


% 42 £ 


of the axle, as nine to one, let a weight of 23163 


grains be hung, and a we 80 of 2770 grains hang- 
ing at the circumference of the wheel, will turn the 


machines Provided the axle turns on the circum- 
ferences 
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ferences of two moyeable Wheels; whereas, if it 12 


turns in the pivets it will be neceſſary to add 600! 
grains more, ſo a to make the-whole' 3370 grains; 
conſequently the reſiſtance occafioned by friction in 
the latter caſe, is more than faur· fold what it is in 
the former; for ſince the diameter of the wheel is 
nine times as great as that of the axle, a weight of 
2474 grains at the wheel: is requiſite ee the 
weight of 23163 at the axle, which balancing b 
being deducted from 27/70, and likewiſe: — 3350. 
grains, leaves 196 grains for overcaming the refiſt:: 
ange in one caſe, and 796 in the other; but . 
to 196, as four and alle more ta one: 
Again, let a ſmalli cart with friction wheels be o 
loaded, as that its own weight added to that of the 
load; may amount to 20000 grains: a weight of 54 
grains drawing horizontally, will move it along a 
ſmooth level table: whereas, if the friction wheels 
be taken off, 312-grains will be-neceflary to ſet it* 
arg If the cart be ſo loaded, as that the 
weigh wk the whole may amount to 400 grains, 
tben in each caſe à double force will be requiſite to 
move it, that is to ſay, 108 grains with the friction 
wheels, and 644 withaut them; ſo that in this cart 
the friction wheels take off five parts in ſix of the 
reſiſtance; for 54, is but a little more than a ſixth 
part of 322, 28-38 likewiſe 10g of 644. And from 
theſe experiments it does again appear, that under 
like circumſtances the reſiſtance ariſing from friction 
is proportional to the weight, whereby the ſurfaces 
wbich rub one againſt the other are preſſed together. 
Seeing then that great wheels have in ſo many 
reſpects the advantage over ſmall ones it will not be 
improper in this place to ſhew you, on what account” 
it is that the wheels of common. carts,” as alſo the 
foremoſt wheels of coaches, | choribts; > and moſt 
other four. wheel carriages are commonly made ſo 
ſmall as ſeldom to exceed two feet and an half in 


diameter; ; and the firſt reaſon of this contrivance 


is 
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roads, but more eſpecially ſueh-as are narrow; there 


are windings of ſuch a nature as to allow but a ſmall. 


ſpace for carriages to turn in, it is neceſſary to make 
uſe of ſuch-wheels: as can turn! in the narroweſt 


"compaſs, and ſuch are ſmall ones j for it is a thing 


wellknown:tocarters and all others who are uſed to 

drive wheel carriages, that the larger the wheels are, 
the greater compaſi do they require in order to turn 
with eaſe and ſafety; and ſhould thiey at any time 
attempt to turn carriages with large wheels as ſnort 


as thoſe which have ſmaller, the wheels will: drag. 
difficult," and 


and thereby render the draft very 
ſometimes endanger the dee F of thy: car. 
rige! © 
But the bd, and indeed the principal realy! 
for the uſe of ſmall wheels is, that upon aſcents, and 
in paſſing over obſtacles in rough and hilly roads, 


as little of the horſe's! force may be loſt as poſlible J- 


if roads were level and ſmooth without riſings or- 
impediments, the: moſt convenient ſize for wheels, 
ſetting aſide the neceſſity of turning, would be where 
the axle is upon a level withithe breaſt of the horſe; 
for ſince the whole force of the horſe in drawing is. 

applied to that: part of the tackle- which lies upon 
the breaſt, and: to which the traces are joined; and- 


ſince the traces are faſtened to the carriage in ſuch: 
a manner as that being continued they muſt paſs 


thro? the axle of the foremoſt wheels, it is manifeſt, 
chat if that axle be of an equal height with the cheſt 
of the horſe, the traces, in whoſe plane the line 0f 
direction lies, will be parallel to the road whereon 


the carriage is drawn; conſequently, the whole force 


of the horſe will be employed in drawing the car- 
riage directly forward, without any loſs or diminu- 


tion; whereas if the wheels be of ſuch a fize: as that 


the height of the axle is either greater or leſs than 
that of Yo horſe's cheſt, the whole force of the horſe: 


will not be employed in the direct draft; but in the 
former 
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former caſe, ſome part of the force. will be ſpent. in E 


preſſing the carriage directly downward, and in the 
latter, in lifting the ſame directly upward. For 


the proof and illuſtration whereot; let the firſt of Pl. 4. 
the three wheels be of ſuch a ſize, ag that its axle A Fig: 5 


may be of antequ ud height with the horſe's breaſt 
at Bʒ and let che ſecond Wheel be ſo large as that 
its axle A may ſtand higher than the horſe's s cheſt-at 
B; and in the third, let the axle be lower than: the 


breaſt, of the horſe; and in each wheel let the lines 


of direction of the horſe's draft, to wit, AB be 


taken equal, and let each ofvthoſe lines expreſs the | 


force of the horſe; it is manifeſt, that in the firſt 
wheel; the whale farce denoted by A B, is employed 


without any leſs in drawing the wheel forward; 
hecauſe the line: of direction A B, wherein the force 


draws, is parallel to K F, the road whereon the 
wheel moves ; whereas, in the ſecond and third 


wheels. the lines A B, wherein the forces draw, 
being inclined hta EIE, heron the, wheels move, 


ſame. part of each , force mult be loſt 3 for if; ear 

forge denoteckhy n B reſolyed, into two, to wit 
OB and A C, wheredt ; Q Bi is parallel t to E F, and 
AG perpendicular thereto ;; it is evident, thai that 
force alone Whiahlis denoted by By 101 in maying 
the wheel forward :along.E F, wh ilſt the, force de- 
noted by A C Ages in the ſecond. wheel. preſs it, di. 
reftly downward-,againſthe rad, and, in the third 


lifts it directlxſupward; whence, it, follows. that if 


the force of: a;horls be juſt; ſufhcient to move t 

firſt wheel, it will not ſuffice, to: ſtir ,the fecong; or 
third. It likewiſe follows, than. the wheel be ſo 
fat enlarged, as that the angle which. the ding of, di- 
xeRion A B makes with the plane EF approaches 
nearly to a right one, the line G B will, hear & very 
ſmall proportion to A B, whilſt AG becomes nearly 
equal thereto;! ſhothat. almaſt, the whole: of the 
horſe's force will be ſpent in preſſing d lown, and 
oY increaſing the load ; whence - it appeftt. 
2 that 
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ng the ſeveral advantages ariſing 
from the largeneſs of wheels, yet may they be ſq 
far increaſed, as even upon account of their magni - 
tude to render the draft impoſſible. By the uſe of 


413 ſmall wheels whoſe axles: lie below the ſevel of the 


dered as little as 


horſe's cheſt, proviſion has been made againſt the 


inconvenience laſt mentioned, and the loſs of force 
(which by reaſon of the 'roughneſs and inequalities 
of roads cannot wholly be avoided) has been ren - 
: poſlible, and made to obtain chiefly 
in level ſmooth roads, where there is leaſt occaſion 
for the whole foree; whereas upon aſcents, and in 
. over obſtacles in rough roads, where the 

els is greateſt, there little of the force is 4% for 
the proof of which, let the wheel be of ſuch a ſiae, 


that its axle A may be below the horſe's breaſt at B. 


and let A B, as before, denote the force of the horſe; 
if the wheel be drawn along a ſmooth level road as 


FF, CB will expreſs that part of the force-which - | 


draws the wheel along the road, and A C that part 
of the force which 1 employed in lifting up the 
wheel, which part is loft as t6 the draſt, but how- 
ever, is not intirely uſeleſs; becauſe by pulling the 
wheel directly ipward; it eaſes the load? and'thereby 
renders the draft leſs difficult; though at the ſam 

time the draft is by no means as eaſy as it would be, 
if the force of the horſe was applied at C, ſo as to 
draw in the direction A G parallel to EF. If. the 
wheel inſtead of moving * ſmooth road: be 
to paſs over the obſtacle D H, EH which is che ſame 
thing, if it be to be drawn up the aſcent E H Lz 
and if the force 'of the horſe be _ at G, ſo a8 
that the direction of the draft A & may be parallel 
to E F. and conſequently, inetined to E HL; it is 
manifeſt upon refolying the force A G into te 
forces, to wit A K and K G, whereof A Kl is pa- 
rallel, and K G perpendicular to E HL; that force 
alone which is expreſſed by AK, aQts in drawing the 
wheel up E HE; whereas the force ll 
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K G acts in prefling the wheel directly againſt E HL, Leer. 
and thereby adds to the weight of the wheel; ſo IX. ; 

that in this caſe, ſome part of the horſe's force is 

loſt; and the load at the ſame time increaſed, both 

which inconveniences are avoided where the breaſt 

of the horſe is ſo far elevated above the axle of the 

wheel, as that the line of direction A B may be 

parallel to EH L; for then no part of the horſe's 

force will be Joſt, but the whole will be employed 

in drawing the wheel directly over the obſtacle, or 

up the aſcent z ſo that a leſs force will be requiſite 

to draw the wheel over the obſtacle DH in the di- 

rection A B, than in the direction AG; and this is 

fully confirmed by experiments. For whereas the Exp. 9. 

little carriage with four wheels, each three quarters 

of an inch in diameter, being ſo loaded as that the 

weight of the carriage and load amounted to 6685 

grains, was not drawn over the little obſtacle one 

tenth of an inch in height, by leſs than 2850 grains 
acting in an horizontal direction, it will be drawn 

over by 2450 grains, provided the direction be 

made parallel to the tangents of the wheels in thoſe 

points which touch the obſtacle; and 1950 grains 
will be ſufficient to draw the carriage with the omen 

wheels over the. ſame obſtacle, if the direction of 

the draft be made parallel to the forementioned 

tangents, whereas 2050 grains were neceſſary when 

the direction was parallel to the Reel TA 

And if the direQion be ſtill farther removed from 

the paralleliſm of the tangents, which may be done 

by deprefling it below the horizontal plane, the 

force of 2350. grains will be but juſt ſufficient 

to ſurmount the obſtacle, and. draw the carriage 

over. ee TH. 
Tho' in four-wheel carriages, the contrivance of 
{mall wheels before has its advantages, yet is it not 
intirely free from inconveniencies; for by this means 
the load muſt of neceſſity be thrown forward, and 
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2 lasten ſtreſs laid on the foremoſt wheels; e 
the teſiſtance that ariſes from the friction of the axle 
ainſt the wheels will become greater in the fore: 
moſt than in the hindmoſt wheels, in proportion to 
the greater weight which they ſuſtain. Beſides, as 
the ſpaces deſcribed by wheels in each revolution 
are nearly equal to the peripheries of the: wheels, 
it ĩs manifeſt that the foremoſt wheels muſt revolve 
oftener than the hindmoſt, in order to rid the ſame 
ground. And this frequency of turning requiſite 
in the foremoſt wheels joined to the greater ſtreſs 
upon them from the load, as alſo the greater reſiſt- 
ance which they meet with from- obſtacles in the 
road, is the true reaſon why they are more fre- 
quently out of order, and ſtand in need of repair 
8575 _— ne e er 
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Y deft in iis lecture is ml Ciplain this 

IVI chief properties of the PENDULUM ; and in 
is order thereto, I ſhall lay down the following PRO- 
POSITIONS concerning the motion of bodies down 


inclined e and curve eber EY 
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* romp it [Ys peel A pee mat“ tie tres requi ines 
10 fuſtain a body upon an inclined plane, is to the 


abfoute weight of the body, as the height of = 
Plane 


— 
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* to its length; but the force Iwherewith A bod 
endeavours to deſcend, upon an inclined plane, mul 


be equal to the fores which is neceſſary to ſupport 8 


it upon that plane e, the en is 
4ha& 6 Io ict Ramp 2” 

Conol., I. Hence: it follows ths the motion of a 
body deſcending on an inclined plane, is uniformly 
acceleruted; for ſince the force which carries a bod) 
down an inclined plane; has every. where, and in all 

arts of the plane, the ſame proportion to the abſo- 

— weight of the body, and ſince the abſolute 
weight remains unvaried, the other force muſt do 
ſo 00 conſequently, as it acts inceffantly in equal 
times, it makes equal impreſſions on the deſcending 
body, ſo as to generate equal degrees of velocity in 
the motion thereof; that is, in cther words, the 
motion of a body descending on an inclined plane 
is uniformly accelerated. 


CoroL. II. On account of this 5 7h none 
leratien of the motion; the times of deſcending, as 


alſo the velocities acquired at the end of the deſcent, 


are as the ſquare roots of the ſpaces deſcribed, as in 


the caſe of bodies falling freely; that is to fay, the 
time wherein a 3 deſcends upon the inclined 
plane from A to D, is to the time of the deſcent 
from A to C, as the ſquare root: of A D, to the 
ſquare root of A C; and the velocity of the body 
when it has deſcended as far as D, is to the velocity 
thereof when it arrives at C in the ſame PRE 
of the root of A 1 to the root of A C. 


ä Prop, H. 7 bs lay ee in any given time 
by a body deſcending: on un inclined plane, it to the ve- 
Jecity. gequired in the fame time by a body' falling freely 
and perpendicularly,' as the height of the WO to its 
ate: that is, ar AB tr AC. 511 15 


A 


For, by the firſt n of the | Rrqoing) rage 


auen, the motion of a body down an inclined plane 
| is 


. (Ip * 7 
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Laer. is 1 in the ſame manner oY 
motion of 4 body falling freely; conſequentiy, at 
the end of any given time, the velocities acquired 
muſt be as the accelerating forees ;/ but by the fore- 
going propgſition, the accelerating force of a body 
moving down: an inclined plane as A C, is to the 
atcelerating force of a "falling freely and per- 
pendicularty; as the beghrof the — to bo length * 
und therefore the velocities acquired i in any given 
, lt be 1 in- the ſame A vin * 88 


2 
. . * 
* 
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7. Paor. III. The Abet deſeribed in a * Hite 
by 10 bodies moving from a ſtate of reſt, whereof ons 
deſcends on an inclined plane, and the other fall. freety, 
are in the ſame ratio of the height of the plane o its 
length that is, the ſpace deſcribed by a body moving 
along A C, is to the ſpace-deſcribed by a body Jung 
down the perpe ndicular A LW ar AB i AC. 


For where the motions are -vquable, the Cots de. 
feribed in a given time, are as the velocities where- 
with they ate defcribed; if therefore the velocities 

he inereaſed in a conſtant uniform manner, the ſpaces 
deſeribed will ikewife increaſe in the ſame manner; 
but by the ſecond propoſition, the velotities are aug- 
mented in ſuch a manner as in à given time to bear 
the ſame proportion to one another, as tlie height 
of the plane does to its length; conſequently, the 
ſpaces deſcribed in a yur time muft be in that 
proportion. 

Conor. I. If from, B, the line BD be drawn 
perpendicular ts A C, A will be the ſpace de- 
feribed by a body moving down the plane A C, in 
the ſame tine that a body falls * down the 
height of the plane from & to B. | 

For, from the natute' of frailar criangles, A 6 © 
is to AB, as AB to AD; but by the propoſit ition, as 
AGis to A B, fo is the ſpace ke ferided in à given 
time by a body falling eee ſpace ade de 5 

by 


e 
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conſequently, ſince A B is the ſpace deſcribed by the 
body falling freely, A D muſt be the ſpace deſcribed 
in the ſame time by a body deſcending along A C. 
Cool. II. All the chords of a circle are de- 
ſcribed in the ſame time by bodies running down 
them. For if a circle be deſcribed with the diame- 
ter AB, which is the height of the inclined plane 
AC, the-point D, which determines the ſpace A 
through which a body deſcends upon' the incline 
plane, whilſt another falls freely from A to B, will 
be in the periphery of the circle, becauſe the angle 
ADB in the ſemicitcle is always a right one; and 
for the ſane reaſon, if the height of the plane 
continuing the ſame, the inclination thereof be va- 
ried, ſo as that it may become A G, the point E 
which determines the ſpace A E, through which a 


\ n 


by a body deſcending upon the inclined plane A C; Leer. 
_—_— 
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body moves A plane A G, during the time 


of a body's fall from A to B, will likewiſe be in 
the periphery of the circle; conſequently, in the 
ſemicircle, A D B all the chords as A D and A E 


will be defcribed in the ſame time; and as in the 


ſemicircle AFB, whatever chords as BF and BH 
are drawn thro' the point B, other chords as AD 
and A E may be drawn in the other ſemicircle pa- 
rallel thereto and equal; it follows, that whether a 
body falls freely down the diameter A B, or whether 
it deſcends along a chord as H B or F B, it will in 
the ſame time arrive at the loweſt point of the cir- 


cle; or in other words, all the chords of a circle will 


be deſcribed in equal times by bodies running along 
them. | SEE 


Prop, IV. The time wherein a body moves down pl 
an inclined plane as A C, is to the time wherein a body 


falls freely down A B the height 0 the plane, as the 
length of the plane to its height, that is, the times are 
as. the ſpaces deſcribed. | ns 


For 


Fig. 6. 


Lecr. 
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For by the ſecond Corol. of the firſt Prop. the 
time of a body's motion along the inclined plane 
from A to C, is to the time of its motion from A 
to D, as the ſquare root of AC to the ſquare root 
of AD; but by the ſecond Corol. of the third 
Prop. the time of a * motion along the in- 
clined plane from A to D, is equal to the time of 
the fall from A to B; and therelbte the time of the 
motion along the plane from A to C, is to the 


time of the perpendicular fall from A to B, as the 


ſquare roo of AC, to the ſquare root of A D, 
that is, becauſe from the ſimilarity of triangles, 
AC, AB, and AD are in continued proportion, 
as AC to AB, or as the length of the plane to its 
height. „„ ; 5 
Conor. Hence it follows, that if ſeveral inclined 


planes have equal altitudes, the times wherein 


thoſe planes are deſcribed by bodjes running down 


them, are to one another as the lengths of the 


P! Ar 
3 


r 25 | 
For the time of the deſcent along A C, is to the 


time of the fall down AB, as AC to AB, and the 


time of the fall down A B, is to the time of the 
defcent along A G, as A B to AG; conſequently, 


the time of the deſcent from A to C, is to the time 


| . 


of the deſcent from A to G, as A C to A G, that 
is, the times are as the lengths of the planes. 


| Prop. V. The velocity acquired at the end of the 


Fig. 6. fall by a body falling down the perpendicular height of 


an inclined. plane as A B, is equal to the velocity ac- 
quired at the end of the deſcent by a body moving down 


. the inclined plane, from A to C. 


For by the firſt Prop. the accelerating force of a 
body falling freely from A to B, is to the accele- 
rating force of a body moving along the plane A C, 
is 
to 


f 
+. a 


as A C to AB; and by the fourth Prop. as AB 
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to A G ſo is the time of the: fall from A to B, 
to the time of the deſcent from A to C; fo that 
the forces which accelerate the bodies during their 


motions, are to one another, reciprocally as the 
times that they continue to act; conſequently, at 


the end of thoſe times, the velocities generated 
muſt be equal. For inſtance, if A B be one half of 


A C, the force which accelerates the body in its 
fall from A to B, is to the force which accelerates 


the body in its deſcent from A to C, as two to one; 


but the time that a body takes to fall from A to B, 
is but one half of the time that a body takes to 
deſcend from A to C; ſo that the accelerating force 
which acts upon the body during its motion from 
A to C, tho” it be but one half of the accelerating. 
force which acts upon the body during its fall from 
A to B, yet does it continue to act twice as long; 
and therefore muſt in the end produce the ſame 


velocity. 
Coror. Hence it follows, that the velocities 


acquired by bodies in falling down inclined planes, 


are equal where the heights of the 2 are equal. 
For, the velocity acquired in falling from A to 
C, is equal to the velocity acquired in falling from 


A to B, as is alſo the velocity acquired in falling 
from A to G; conſequently, the velocities acquired 


in falling from A to C, and from A to G, are 
equal. | 


Prop. VI. If a body deſcends along ſeveral conti. 


guous planes as A B, B C, and C D, the velocity which 


it acquires in its deſcent from A 10 D, is equal to the 
velocity acquired by the perpendicular fall from H 10 D, 
on ſuppoſition that the body is not retarded by the e ſack 


it ' ſuffers in the angles B and C. 
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For drawing the horizontal lines H E and DF 


| thro? the points A and D, and producing the planes 
CB and D Cas far as G and E; by the Corol. of the 
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laſt Propoſition, the ſame velocity is acquired in 


the point B, by a body in deſcending from A to 


B, as in deſcending from G to B; 'conſequently, 


the ſame velocity is acquired in the point C, by a 


body deſcending from A thro' B to C, as in de- 
ſcending from G to C; but by the ſame Corollary, 


the velocity acquired in deſcending from G to C, 


—1 
. 2 
© ur 


Pl. c. 
Fig. ol 


is equal to the velocity acquired in defcending 


from E to C; wherefore, the velocity in the 


point D acquired by the deſcent along the three 
planes AB, BC, and C D, is equal to the velocity 
acquired by the deſcent from E to D, which velo- 


city by the foregoing Propo/ition, is equal to the 


velocity acquired by the perpendicular fall from H 
to D. a , 
CooL. Hence it follows, that if a body deſcends 


along the arch of a circle as A B or of any other 


curve, the velocity acquired at the end of the de- 
ſcent, is equal to the velocity acquired by falling 
down CB, the perpendicular height of the arch. 
For curves may be looked upon as compoſed of 
an infinite number of xight lines, inclined one to 


another. rad .: Gehtahtrv 74 HA Le 
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 ProP, l.“ if two planes as AB and B D joined 
together at B, have equal degrees of elevation with two 
other planes as E F amd F H joined together at F, and 
F AB be to EF a B D 1% F H, the time of a body's 


fall down the planes A B D, will be to the time of the 
fall down E F H, as the ſquare root of A B and BD 


taken together, to the' ſquare root of E F and F H taken 
together. 99 IS EY | 


Let A B and EF be produced till B C becomes 
equal to B D, and F G equal to FH. Since A B is 
to B C, as EF to FG, Ap is to A C, as E F to EG; 


and ſince thoſe four quantities A B, AC, E F and 


E G are proportional, their ſquare roots will be fo 


too. Again, ſince the planes AC and E G are 


equally 


Down INCLINED PLANE S. 


equally elevated, they may be looked upon as parts 


of one and the ſame plape, and therefore, by the 
ſecond Corol. of the firſt Prop. the time of a body's 
fall from A to C, is to the time of the fall from E 
to G, as the ſquare root of A C to the ſquare root 
of E G, or as the ſquare root of A B to the ſquare 
root of EF; but the time of a body's fall from A 
to B is to the time of the fall from E to F, as the 
ſquare root of A B to the ſquare root of EF; fo 
that the time of the fall from A to C, is to the time 
of the fall from E to G, in the ſame proportion 
of the time of the fall from A to B, to the time of 


the fall from E to F; conſequently, the time of the 


fall from B to C, ſuppoſing the motion to begin 
from A, muſt be to the time of the fall from F to 
G, ſuppoſing the motion to begin from E, in the 
fame proportion of the root of A B to the root of 
EF; if the bodies after their fall from A to B, and 
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from E to F, inſtead of moving along B C and FG 


continue their motions along B D and FH, ſince 
thoſe two planes are equally inelined to A B and E F, 
and ſince BD is equal to B C, and FH equal to F G, 
whatever proportion the time of the body's motion 
along B D bears to the time of its motion along B C, 
the ſame will the time of the motion along FH 
bear to the time of the motion along FG; but it has 


been already proved, that the time of the motion 
along B C, is to the time of the motion along F G, 


as the ſquare root of A B to the ſquare root of EF; 


wherefore the time of the motion along B D is to 


the time along F H, as the ſquare root of A B to the 
ſquare root of E F, that is, in the ſame proportion 
with the time along A B to the time along EF; and 
therefore, the ſums of thoſe times will be in the 
ſame proportion; that is to ſay, the time of the 
motion along A B, added to the time of the motion 
along B D, is to the time of the motion along E F, 
added to the time of the motion along F H, as the 
ſquare root of A B to the ſquare root of E F; but 
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it has been proved, that the ſquare root of A B is 
to the ſquare root of E F, as the ſquare root of AB 
and B D taken together, To the ſquare roor of E F 
and F H taken together; and therefore the time of 
a body's fall from A thro' B to D, is to the time 
of the fall from E thro' F to H, as the ſquare root 
of ABD to the ſquare root of E FH, which was to 
be proved. And what has been thus proyed with 
regard to two planes on each ſide, is in like manner 
demonſtrable with regard to any number of planes, 


provided thoſe on one ſide be proportional to. thoſe 


on the other, and that the correſponding planes have 


equal degrees of elevation. | 
| Coro. Hence it follows, that if bodies deſcend 
thro? the arches of circles, the times of deſcribing 


ſimilar arches ſimilarly poſited, are as the ſquare 
roots of the arches. For inſtance, if bodies move 
down the ſimilar arches A B and C D, which are 


ſimilarly poſited with regard to the horizontal 
plane E D, the time of deſcribing A B is to the time 


of deſcribing C D, as the ſquare root of A B to the 


ſquare root of CD. 
For all circles whatever may be conſidered as 


. — 


ſimilar polygons, conſiſting of an indefinite number 


of ſides indefinitely ſmall; and therefore, ſimilar 
arches muſt conſiſt of an equal number of ſides 
proportional the one to the other; and foraſmuch 


as the angles which thoſe ſides contain are equal, if 


the arches be ee, poſited, the correſponding 
ſides in each arch muſt have equal degrees of eleva- 
tion; and conſequęntly, the times of deſcribing the 
arches will be as their ſquare roots. 


In my lecture upon gravity, I ſhewed you, that if 
a body be thrown directly upward, it will riſe to the 
fame endes whence, if it fell from a ſtate of reſt, 
it would by the end of. the fall acquire the ſame ve- 
locity wherewith it is-thrown up ; I likewiſe ſhewed 


you, that the time of the riſe is equal to that of the 
fall. I pow fay 4 
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| Or Tux PENDULUM. — 
PRop. VIII. 5 That the ſame things do likewiſe ob- Lrer. . 
tain with regard to bodies thrown up obliquely, whe- Xx. 
ther they aſcend upon inclined planes or along the arcs 
of curves. Er 


; 4 
Becauſe the ſame forces which accelerate the mo- 
tions of bodies deſcending on ſuch planes or curves, 
do in the very ſame manner retard the motions of > 
ſuch bodies as aſcend thereon; and therefore, what- 
ever be the time requiſite for a body to deſcend 
upon an inclined plane or thro? the arc of a curve, 
in order to acquire any velocity, the ſame muſt the 
time be, wherein that velocity is deſtroyed in a body 
aſcending upon the ſame plane or curve, and what. 
ever be the length of the plane or curve, thro? which 
a body deſcends in order to acquire any velocity, the 
ſame muſt the length of the plane or curve be, thro? | 
which it muſt aſcend in order to have that velocity 
deſtroyed. 9 5 
Corot. Hence it follows, that if by any con- Pl. 5. 
trivance à body be made to deſcend thro? the arch 8. 12 
of a circle as from C to A, and with the yelocity 
acquired by the deſcent to aſcend along the arch 
AD of the ſame circle, the arch A D which it de- 
ſcribes in its aſcent, will be equal to the arch C A 
deſcribed in the deſcent; and the times in which 
thoſe arches are deſcribed will be equal. 
And this is the caſe of the PeNduULUM ; which 
is a heavy body ag A, hanging by a ſmall cord as 
B A, and moveable therewith about the point B, to 
which the cord is fixed. If when the cord is ſtretched. Exp. 1. 
the weight be raiſed as high as C, and thence let. 
fall, it will by its own gravity deſcend thra* the 
circular arch CA; and by the Corol. of the ſixth 
Prop. it will have the ſame velocity in the point A, 
that a body would acquire in falling perpendicularly ' 
from E to A; and by the firſt Law or NATURE, 
it will endeavour to go off with that velocity 
in the tangent AF; but being by the force of 
| "4 9 
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the cord made to move in the peripher CA D, 
it will riſe thro? the arch A D as high as „ where 


| 1 1 loſing all its velocity, it will be turned back by its 


gravity, and deſcending thro' the arch D A, wil, 
upon its arrival at A, have the ſame velocity as be- 
fore, with which it will aſcend to C; and thus it 


will continue its motion forward and backward 


along the curve CA D, which motion is called an 
oſcillatory or vibratory motion; and each ſwing from 
C to D, as alſo from D to C, is called a vibration; 
and if the pendulum ſuffered no retardation in its 


motion from the reſiſtance of the air, nor from the 


friction of the cord againſt the center about which 
it moves, the arches deſcribed in each vibration 
would be exactly equal, and the motion of the pen- 
dulum would continue for ever ; but whereas the 
motion of the pendulum is continually retarded by 
the forementioned cauſes, the arches deſcribed in 
each vibration muſt grow leſs and leſs continually, 
and at laſt vaniſh together with the motion of the 


pendulum. 


The vibrations of one and the "REM pendulum 
- vibrating in unequal circular arches are performed 
very nearly i in equal times, provided the arches are 


but ſmall.' Thus, in the pendulum A B, che vibra- 


tion thro? the arch CA D, is performed way nearly 
in the ſame time wherein the pendulum vibrates 
thro' the arch E AF, on ſuppoſition that the arches 


CA and E A are bat ſmall. 


For, drawing the chords C A and A D, as alſo 
E A and AF, inaſmuch as the arches are ſuppoſed | 
to be ſmall, they will. not differ much either as to 
length or declivity from their reſpective chords; 
conſequently the times of deſeribing the arches 
CA and E A, by a heavy body- running along 


them, will be nearly equal to the times of leferits 


ing the chords; but by the ſecond Corel. of the 
third Prop. the times of deſcribing the chords are 
equal; ; wherefore che times of * the arches 
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Or THE PENDULUM: 


CAand E A, wok be near equal; and ſo like- 
wiſe muſt the double of early times, or the times 
wherein the pendulum vibrates thro' the unequal * 
arches C A D and EA F. And this is confirmed 


by experiment. For if two pendulums of an equal 


length, be ſet going at the ſame inſtant of time, ſo 
as to vibrate thro? ſmall but unequal arches, they 
will for a long time keep pace together; and conti- 
nue to begin and end their ſwings without any 
ſenſible difference as to point of time, during a great 
number of vibrations. 

If a pendulym as B A vibrates thro” the circular 
arches CAD and E AF, the velocity which it ac- 
quires by that time it arrives at the loweſt point A, 
is as the chord of the arch which it deſcribes in its 
deſcent; that is, the velocity which it acquires in 
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deſcending from C to A, is to the velocity acquired 
in its deſcent from E to A, as the chord C A to the 


| chord E A, 


For, drawing the horizontal lines E K and C H, 
the velocity acquired in falling from H to A, is to 
the velocity acquired in falling from G to A, in the 


ſubduplicate ratio of H A to G A, as I proved in 


my lecture upon gravity; that is, becauſe, from 


the nature of the circle HA, CA, and GA, are in 
continued proportion as C AtoG A; for the ſame 
reaſon the velocity acquired in falling from G to 


4 is to the velocity acquired in falling from K to 
A, as GA to EA; conſequently, the velocity ac- 


quired in falling from H to A, is to the velocity ac- 


quired in falling from K to A, as CA to E A; but 


by the Coro. of the ſixth Prop. the velocity acquired 
in falling from H to A, is equal to the velocity ac- 


quired in the deſcent from C to A, and the velocity 
acquired in falling from K to A, is equal to the velo- 
city acquired in the deſcent from E to A; wherefore, 


the velocity acquired in deſcending thro? the arch 
CA, is to the velocity acquired in deſcending thro' 


the arch E A, as the chord C A to the chord EA. 
Hence * 
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Hence it appears, that if the arch of a circle wherein 


a pendulum vibrates, be ſo divided in the points 1, 
2, 3, 4, and ſo on, beginning from the loweſt point 
A, as that the chords drawn from A to the ſeveral 
points of diviſion, may be to one another, as thoſe 
numbers, the yelocities acquired by a pendulum in 
the loweſt point A, when let fall ſucceſſively from 
the ſeveral points of diviſion, will be as the numbers 
affixed to the ręſpective points; and it was upon this 
account, that in the experiments relating to the 
colliſion of bodies, the balls were conſtantly let fall 
from ſuch heights, as that the chords of the arches 
which they deſcribed in their deſcent, might be to 
one another in the ſame proportion with the veloci- 
ties wherewith the balls were ſuppoſed to meet at 
the loweſt point. 

The times wherein pendulums of unequal lengths 
vibrating in ſimilar arches, perform their vibrations, 
are to one another, as the ſquare roots of their 
lun B. for inſtance, the time wherein the pendu · 
lum B A vibrates thro' the arch F G, is to the time 
wherein the pendulum B G vibrates thro! the arch 
DE ſimilar to F G, as the ſquare root of B A to the 
ſquare root of B C. 

For, by the Corol. of the ſeventh Prop. ſince the 
arches F A and D C are ſimilar and ſimilarly poſited 
the time of the deſcent thro? F A, is to the time of 
the deſcent thro*' D C, as the ſquare root of F A ta 
the ſquare root of D C; but by the Corel. of the 
eighth Prop. the time of the deſcent thro? F A, is one 
half of the time of the vibration from F to G, and 
the time of the deſcent thro? D C, is one half of the 
time of the vibration from D to E: ; conſequently, 
the time of the vibration thro? F G, is to the time 
of the vibration thro' D E, as the ſquare root ot 
F A, to the ſquare root of D C; that is, becauſe 
the arches F A and D C are ſimilar, as the ſquare 
root of B A to the ſquare root of B C, that is, the 
times of the vibrations are as the ſquare roots = 
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the lengths of the pendulums. And foraſmuch as 
the times wherein pendulums perform their vibra- 


tions are to one another inverſly as the number of 


vibrations performed in a given time; the numbers 
of vibrations performed by pendulums in a given 
time, are to one another inverſly as the ſquare roots 
of the lengths of the pendulums. For inſtance, if 
the length of the pendulum B A, be to the length 
of the pendulum B C, as one to four, the number 
of vibrations performed in any given time by the 
ſhorter pendulum, 1s to the number of vibrations 
performed- in the ſame time by the longer, as the 
ſquare root of four to the ſquare root of one, that 
is, as two to one; which caſe is experimentally 
confirmed by two pendulums, whereof the longer 
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being 39, 125 inches, vibrates in one ſecond of Exp. 3. 


time; and the ſhorter being 9,781 inches, vibrates 
in half a ſecond, and performs two vibrations in the 
ſame time that the longer performs one. 
Pee. | Inches. 

© I. 39.125 Halley. 
Length of a pendu- . 0 39.20% Newton. 
lum vibrating 1.43. { 9.781 Halley. 
"7 5 1 9.801 Newton. 


I) be time of a pendulum's vibration is no way 

altered by varying the weight thereof; for ſince the 
gravity of every body is proportional to its quantity 
of matter, as I proved in my lecture upon gravity, 
all bodies in the fame circumſtances are moved by 
the force of gravity with the ſame velocity; and 
therefore if the length of a pendulum continues the 
ſame, it will perform its vibrations in the ſame 
time, whatever be the magnitude of Ho appending 
weight ; which may be confirmed by the following 
experiment. Let two unequal weights be hung by 
two threads ſo as to conſtitute two pendulums equal 


in length, and let them at the ſame inſtant of time 
| 5 . fall 
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fall from equal heights, they will keep pace together 
ſo as to perform their vibrations in equal times, 

In the foregoing part of this lecture I ſhewed you, 
that the vibrations of one and the ſame pendulum 
vibrating thro* unequal but ſmall circular arches, - 
are performed in times that are very nearly, but not 
preciſely equal. Whence it follows, that however 
uſeful ſuch a pendulum may be in meaſuring time, 
where great exactneſs is not requiſite, yet can it by 
no means be admitted as an accurate meaſure of 
time, unleſs by ſome contrivance it be made to 
perform all its vibrations in equal arches, which 
conſidering the unavoidable imperfections of all 
machines, is extremely difficult, if not impoſſible; 
for it has been found by experience, that the beſt 
regulated pendulum clocks, wherein the greateſt 
care has been taken to make the pendulums vibrate 
in equal arches, have notwithſtanding varied in a 
courſe of time, ſo as to ſtand in need of a new 
regulation, which they could not poſſibly do in caſe 
the pendulums, whereon the regularity of all the 
other movements depends, continued conſtantly to 
vibrate in equal arches. | 

In order therefore to obtain an exact unerring 
meaſure of time, it is neceſſary to make a pendulum 
vibrate in ſuch a manner, as that all its ſwings, 
whether they be thro? larger or ſmaller arches, may 
be performed in times exactly equal; and this may 
be done by making a pendulum vibrate in the curve 
of a cycloid, as I ſhall now demonſtrate ; but I ſhall 
firſt ſhew you the manner wherein that curve is ge- 
nerated, and what its chief properties are, as alſo 
by what contrivance a pendulum 1s made to vibrate 
in ſuch a curve. | 

If a circle as CE F, which touches the right line 
AB in the point C, be moved along that line in 
the manner of a wheel from C to D, ſo as to 
perform an intire revolution ; the point C will by 


virtue of its double motion deſcribe the curve line 
CID, 
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C1 D, which curve line is called a cyehbid; and the Leer. 


right line C D is called the baſe, the line I K perpen- 
dicular to the baſe at its middle point is called the 
axis 'of the cycloid, and the point I the vertex, and 
che circle CE For K LI is called the generating 
e To nf od a0 Danes 

From any point in the eycloid as H, let a right 
line as H L, be drawn parallel to the baſe CD, and 
continued till it meets the generating circle K LI, 
deſcribed about the axis IK; and let the line HM 


touch the cycloĩd in the point H; this _ done, * 


the chief properties of the cycloid are theſe three. 
. | Firſt; The arch 1'P'L of the of mes, circle, 
intercepted between the vertex of the cycloid and 
the point L, wherein the right line H L meets the 
generating circle, is equal in length to the right 
line HL, F 

Secondly, The chord I L of the circular arch 
IPL, is parallel to the right line MH, which 
touches the cycloid in the point L. 
Ihirdly, The cycloidal arch IH intercepted be- 
tween the vertex and the point H, is double the 
chord 1 L. N 
The demonſtrations. of theſe properties may be 
ſeen in Hovozns, WALLISs, CoTrxs, and others who 
have wrote of the cycloid. 
The contrivance whereby a pendulum is made 
to vibrate in the curve of a cycloid, is thus. A cy- 
cloid as AVB, being deſcribed-on the baſe A B, 
let the axis VD be produced towards C, till DC 
becomes equal to VD; thro' the points G and A, 


and C and B; let two ſemi- cycloids C A and C B be 


drawn, each equal to half of A VB, their vertices 
being at A and B; if then we ſuppoſe C A and C B 
to be two plates of ſome breadth, and an heav 

body to hang from the point C by a ſtring equal in 
length to CV, and to vibrate between the plates 
dA and CB, the upper part of the ſtring will con- 
"© 8 ſtantly 
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ſtantly apply itſelf to that plate towards which the 
body moves, and by ſo doing cauſe it to move in 
the cycloid A VB as has been proved by Huycens 
the author of this contrivance; and likewiſe by 
Cores in his treatiſe de motu pendulorum, where he 
has delivered the whole doctrine of pendulums in 
four THEOREM Ss, Which I hall here lay down and 
explain. Wh 7: 


8 EM 1. If a 1 vibrating i in a pi 
as BVA, begins its motions, downward towards V, 
from any point taken at pleaſure as L, and if upon a 
radius as VL, equal in length to the eycloidal arch VL, 
a circlè be de feribed ; the velocities of the pendulum in 
the ſeveral Points of the cycloidal arch, will be as the 
right ines inthe tirtle which are rai iſed from the cor- 
rejponding points in the radius; for inſtance, if in the 
radius L M be taken. equal to LM in the cycloid, and 
from the point M in the radius;correſponding fo the 
point M in the cycloid, be raiſed. the right ſme M X, 
the velocity of the pendulum in the point M, _ it has 


d cſcended from L, will be as the fine M "2 


For the proof of which, from the points L and 
M in the cycloid, let the right lines L O R and 
Ms be drawn perpendicular to the axis, cutting 
the generating circle in O and Q, from whence to 
the vertex, let the right lines OV and QV be 
drawn. By:the Corol. of the ſixth Prop. the velo- 
city which the pendulum acquires in deſcending 


along the cycloid from L to M, is equal to the ve- 


loecity acquired by a body in falling perpendicularly 
from R to 8; but the velocity which a body ac- 
quires in falling perpendicularly, is in the ſubdu- 
plicate ratio of the ſpace deſcribed, as I proved in 
my lecture upon gravity; conſequently, the velo- 
city acquired by the pendulum in its deſcent from 
I. to M, may be expreſſed by the ſquare — * 
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tween R V and S V, the velocity in the point M 


may be expreſſed by the ſquare foot of the difference 


between RVandsSV ; or, becauſe, RV multiplied 
into the axis DV, is to S V multiplied into the 
ſame D V, as RV to S V, the velocity may be ex- 
preſſed by the ſquare root of the difference between 
the product of R VAD V and 8 VDV; but from 
the nature of the circle the product of R VAD V is 
equal to the ſquare of VO; and the product of 
8 V+D V is equal to the ſquare of V Q; wherefore, 


the velocity at M may be expreſſed by the ſquare 


root of the difference between the ſquare of V O and 
the ſquare of V Q ;. but, by the third property of 
the cycloid, V O is equal to one half of the cycloidal 
arch V L, and V Q to one half of thearchVM; 


Wherefore, as V O ſquare, is to V Q ſquare, ſo is 


VL ſquare, to V M ſquare; conſequently, the ve- 


locity of the pendulum at M may be expreſſed by 
the ſquare root of the difference between the ſquare 
of VL and the ſquare of VM; but the cycloidal 
arches VL and VM are by ſuppoſition equal to 


VL and VM in the radius of the circle; and, from 


the nature of a right-angled triangle, the difference 


between the ſquare of V X, which is equal to V L, 
and the ſquare of V M, is equal to the ſquare of 
MX; wherefore, the velocity of the pendulum at 
the point M, is as the ſquare root of M X ſquare, 
that is, as M X, as was aſſerted in the Theorem. 
And what has been thus proved with regard to the 
velocity at the point M, is in like manner demon- 
ſtrable with regard to the velocity at any other 
point as N; namely, that it is as the right ſine N Y 
raiſed from the point N in the radius correſponding 
to the point N in the cycloid; ſo that the velocities 
of a pendulum deſcending in a cycloid, are in the 
ſeveral points of the cycloidal arch, as the right ſines 
in a circle which are raiſed from the correlpondin 
points of the radius, the radius being equal in lengt 
to 
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to the cycloidal arch intercepted between the vertex - 
and that point from which che pendulum begins its 
motion. Thus, VM and VN in the radius of the 
circle being taken equal to V M and VN in the cy- 
cloid, ſo as that the points M, N, V, in the radius, 
may correſpond to the points M, N, V, in the cy- 
cloid, the velocities of the pendulum in thoſe points 
are to one another, as the ſines MX,NY, and VZ, 
the radius VZ. expreſling the greateſt velocity at the 
vertex V. ; | 


TnxOREM II. If body be ſuppoſed io move uni. 


Fig. 17. formly in the curve of the circle, with a velocity 


equal 
to the velocity acquired by the pendulum in its ent 
rom L to V, which velocity is, as was juſt now ſhewn, 
expreſſed by the radius VZ; any arch of the circle as 
XV taken at pleuſure, will be deſcribed by the body 
moving along it in the forementioned manner, in the 


fame time that the pendulum, which begins its motion 


From the point L in the cycloid, deſcribes the cycloidal 


arch MN, correſponding to and equal in length io MN, 
that part of the radius, which lies between the fines 
M X and N V, which terminate at the extremities of 
the circular arch X V. > OY 


Let the fine FG H, be drawn indefinitely near 
to the ſine MX, and let X G be drawn parallel to 
MF: and let MF in the cycloid be equal to M F in 
the radius of the circle. By the foregoing Theorem, 
the velocity of the pendulum in the point M, is as 
MX; and therefore, ſince F is ſuppoſed to be in- 
definitely near to M, the little cycloidal arch M F, 
equal to M F in the radius, is to be looked upon as' 
deſcribed by the pendulum with a velocity which is 
as MX; and the little circular arch X H, is by 
ſuppoſition deſcribed with a velocity which is as 
VZ, equal to VX; and the triangles MX V and 
GXH being ſimilar, inaſmuch as the angles at M 
and G are right ones, and the angle MX V equal to 
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GX, becauſe G X V is the complement of each Lecr. 
of them to a right one; X H ia to X G equal to X. 


MF, as Vor VZ to M; that is, X H and MF 
are to one another, as the velocities wherewith th 
are deſcribed ; conſequently, they muſt be deſcribed 


in the ſame time. And what has been thus demon- 
ſtrated of M F and X H, is in like manner demon- 


ſtrable of the ſeveral correſponding parts in the 

cloidal arch MN, and circular arch X V; conſe- 
quently the whole cycloidal arch MN, will be de- 
ſcribed by the pendulum in the ſame time, that the 
circular arch X Y is deſcribed by a body moving 
along it uniformly with the velocity expreſſed by 
VZ; and by the ſame way of reaſoning, the time 
of deſcribing any other cycloidal arch as L V, is 
equal to the time of deſcribing the correſponding 
circular arch L Z. | 


CoroL, As a Corollary it follows, that the time 
| wherein a pendulum deſcribes any arch of a cyclaid' 


as MN, may be expreſſed by the correſponding 
circular arch X . | | 

For, as the motion along the curve of the circle 
is ſuppoſed to be unifarm, the time of deſcribing 
any arch as X V, muſt be as the length of the arch; 
but by the Theorem, the times of deſcribing the 
circular arch X V, and the cycloidal arch MN, are 
equal; conſequently, the time in which the pendu- 
lum deſcribes the cycloidal arch MN, is as the cir- 
cular arch X V. 


Tron EM III. The time of one entire vibration of 
a pendulum moving in à cycloid, is to the time wherein 
a body falls perpendicularly thro' a ſpace equal in length 
to the axis of the cycloid, as the periphery of a circle to 
its diameter. | En, 


All things being ſuppoſed as before, the time of 
deſcribing the ſemicircular periphery LZ P with the 
| M velocity 
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velocity expreſſed by V Z, is to the time of deſcrib- 
ing the ſemidiameter L V with the ſame velocity, 
as the ſemicircular periphery to the ſemidiameter, 
or as the whole periphery to the diameter ; but the 
time of deſcribing the ſemicircular periphery LZP 
with the velocity V Z, is equal to the time of an 
intire vibration ; for, by the eighth Prop. the time 
wherein the nendulum deſcribes the cycloidal arch 
LV, is one half of the time wherein it performs an 
intire vibration; and by the ſecond Theorem, the 
time wherein a pendulum deſcribes the cycloidal 
arch L V, is equal to the time wherein the quadran- 


tal arch of the circle, to wit L Z, is deſcribed with 


_ the _ expreſſed by V; conſequently, the 


time of an intire vibration, 1s equal'to the time of 
deſcribing the ſemicircular periphery LZP; and 


the time of deſcribing the ſemidiameter L V with 


the velocity VZ, is equal to the time of a-body's 
fall down the heig ht of the axis DV; for, by the 
ſecond Corol. of Shs third Prop. the fall down the 
axis D V, is performed in the ſame time with the 


deſcent along the chord O V; and by the eighth Prop. 
the velocity acquired at the end of the deſcent along 


the chord O'V, will in the ſame time with that of 


' the deſcent deſcribe a ſpace equal to twice O V; but 


by the third property of the cycloid, twice VO is 
equal to the cycloidal arch L V, which by ſuppoſi- 
tion 1s equal to the ſemidiameter VL; and conſe- 
quently, the velocity acquired at the end of the de- 
ſcent along the chord O V, is ſuch, as will in a time 
equal to that of the fall down the axis D V, deſcribe 
the ſemidiameter L V; but, by the Corel. of the 
ſixth Prop. the velocity acquired at the end of the 
deſcent along the chord O V, is equal to the velocity 


acquired by the pendulum in its deſcent along the 


cycloidal arch from L to V, which by the firſt 
Theorem, is as VZ; wherefore, the time of deſerib- 


58 the ſemidiameter L * with the velocity VZ, is 


equal 
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equal to the time of the fall down the axis DV; I. 


but it has been already proved, that the time of de- 
ſcribing the ſemicircular arch LZ P with the velocity 


VZ, is to the time of deſcribing the ſemidiameter 
LV with the ſame velocity as the periphery of the 
circle to its diameter; and it has been likewiſe 
proved, that the time of deſcribing the ſemicircular 


arch with the velocity VZ, is equal to the time of 
an intire vibration of the pendulum ; conſequently, 


the time of ſuch a vibration, is to the time of the 


fall down the axis, as the periphery of the circle to 


its diameter. | 

Coror.. From what has been proved it follows, 
that the time of a vibration of a pendulum moving 
in a given cycloid is given; or in other words, that 
all the vibrations of ſuch a pendulum, whether they 
be in larger or ſmaller arches, are performed in times 
exactly equal, : 

For, as it has been proved, that the time of the 


vibration which begins from the pojnt L, is to the 
time of the fall dawn the axis, as the periphery of 


the circle deſcribed on a radius equal to the cycloidal 
arch VL, to its diameter; it may in like manner be 
demonſtrated, that if the vibration begins from any 
other point as M, the time thereaf will bear the 
ſame proportion to the time of the fall down the 
axis, that the periphery of a circle deſcribed on a 
radius equal in length to the cycloidal arch VM. 
does to its diameter; but the ratia of the periphery 
to the diameter in any one circle, is the ſame with 
that in any other; wherefore, the times of the vi- 
brations thro' unequal arches, have all the ſame 
ratio to the time of the fall down the axis, and of 


conſequence muſt be equal. 


From this equality in the times of the ſwings it 
is, that this kind of pendulum 1s preferable to ſuch 
as vibrate in circular arches, as being a more exact 
and juſt meaſure of time; a minute of mean or 
equal time being preciſely MeNureg by ſixty * 
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Lier. of a pendulum of this kind, whoſe length is equal 
to three horary feet, which anſwers to 39 inches and 


one eighth of our meaſure, according to Doctor 
Hat.Lzy; or to 39 inches and one fifth, according 


to Sir Isaac NRwrox; and now that 1 have men- 


tioned mean or equal, otherwiſe called true time, it 
will not be improper in this place, to ſhew you 


wherein it differs from that time, which by aftrono- 


mers is called unequal and apparent time. | 


As time in itſelf does not fall under the notice o 
our ſenſes, and as the parts thereof go on in a con- 
tinued ſucceſſion one after another, no two exiſting 
together, it is impoſſible to diſcover the equality or 


inequality of any two 1 of time, by an im- 


mediate compariſon of one with the other; and 


therefore, it was neceſſary for thoſe who firſt thought 
of diſtinguiſhing the parts of time, to have recourſe 
to ſomething ſenſible, and of a different nature from 
time, as a meaſure thereof. And as nothing ſeems 


better fitted to ſerve this purpoſe, than ſuch natural 


appearances as fall under every man's notice, and at 
the ſame time have e returns, it is highly 
probable, that in the firſt ages of the world, men 
obſerving the frequent riſings and ſettings of the 
ſun, took the one or the other for their rl 

of time, calling that portion of time which paſſed 


between two riſings or ſettings, which immediately 
ſudceeded each other, by the name of a day; in like 


manner it is rational to ſuppoſe, that upon obſerving 
the frequent returns of the full and new moons, 
they made the one or the other their ſecond meaſure 
of time, calling that ſpace which paſſed between 


two ſucceſſive new or full moons by the name of a 


moon or month. And it is likely, that for ſome time 
they contented themſelyes with theſe meaſures, 


without knowing or conſidering whether they were 
exact or not: but in proceſs of time, as men be- 


came better acquainted with the motions of the 
heavenly bodies, they diſcovered ſome irregularities 


in f 


meaſure 
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in the apparent motion of the fun, and of conſe- Lzer. 
quence, an inequality in the natural days which X. 
depend on that motion; inaſmuch as the portion f 
time, which paſſes between the ſun's departure from 
the plane of any meridian and its next return there - 
unto, is not always the ſame. By conſidering the 
cauſes of this inequality, they were led into a method 
of making ſuch corrections in the natural days, by 
adding to ſome, and taking from others, as reduced 
them all to a mean equal length; each day being 
made to conſiſt of 24 equal hours, each of which is 
divided into ſixty equal parts called minutes, and 
each of theſe into ſixty others called /econds, and 
theſe again into thirds, and ſo on in a ſexageſimal 
progreſſion, the parts of each Bae, e 
conſtantly equal among themfelves. And theſe 
parts of time thus reduced to an equality conſtitute 
the mean or equal time, as it ſtands diſtinguiſhed. 
by aſtronomers, from the unequal or apparent time, 
n is meaſured by the apparent motion of the 
In order to have a conſtant meaſure of equal 
time, Huvoxxs contrived a method of adapting 
pendulums to clocks, whereby their motions are ſo 
exactly regulated, as that in a clock whoſe move- 
ments are rightly adjuſted, the ſeconds, minutes, 
and hours are for ſome time pointed out with the. 
greateſt exactneſs; 1 lays for ſome time only, be- 
cauſe it is not poſſible that any clock whatever. 
ſhould continue exactly true for a long courſe. of 
time; for as the pendulums of clocks according to 
Huroxxs's firſt contrivance, and by the general 
practice of clock-makers at this day are made to 
vibrate in circular arches, where the times of the 
vibrations are not preciſely equal, unleſs the arches 
thro' which the pendulum moves be ſo too. If the 
wheels on account of the thickening of the oil by 
froſty weather, or from any other cauſe grow more 
15 5 fuggiſh, 
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ſluggiſh, ſo as to give the weight, which in cloike: 
is the moving power, greater reſiſtance than ac- 
cording to the firſt adjuſtment, the force of the 
crown wheel, upon the plates of the pendulum will 
likewiſe be diminiſhed, and of conſequence, the 
endulum - being thrown -leſs forcibly will move- 
thro? ſmaller arches than before, and by fo doing,” 
will meafure out ſmaller portions of time, the time 
of ſixty ſwings not amounting to a minute, upon 
which account the clock muſt gain, and go too faſt. 
On the other hand, whenever the parts of the move- 
ment which rub one againſt another do; by reaſon 
of the thinning of the oil by the heat of the wea- 
ther, grow more ſlippery, or from their conſtant 
friction become more ſmooth, ſo as to give leſs re- 
fiſtance to the moving power than according to the 
firſt adjuſtment, the erown- wheel acts more foreibly 
on the pendulum, and cauſes it to vibrate in larger 
arches, by which means the time of each ſwing 
is inlarged, and of courſe the clock loſes and 
goes too flow. To remedy theſe inconveniences 
Hvvcews thought of a ſecond method of - adapting 
pendulums to elocks, ſo as to make them perform 
their vibrations in cycloidal arehes; by which 
means, though the force of the crown-wheel upon 
the pendulum ſhould vary, fo as to cauſe it to 
vibrate ſometimes in larger and ſometimes in 
ſmaller arches, yet will not any variation ariſe from 
thence in the times of the vibrations; as is evident 
from the Corollary of the third Tbecrem; ſo that in 
clocks whoſe motions are governed by pendulums' 


_ vibrating in cycloidal arches, © the irregularities 


ariſing from the variation of the force of the crown- 
wheel upon the pendulum are wholly avoided; 
and yet a clock of this kind will not always wy 
true; for as the pendulum cannot vibrate in the 
curve of a cycloid, unleſs the uppermoſt part of 
the = does as often as it moves from the per- 
pendicular 
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pendicular towards either ſide, from itſelf into a Lzer. 
cycloidal arch; and as this cannot be done unleſs X. : 
that part of the ſtring be made of filk, or fome 
other ſoft and pliable ſubſtance, which as ſuch is 

apt to imbibe the moiſture of the air; whenever 

the weather becomes remarkably moiſt, the watery 
particles which float in the air, will-infinuate 'them- 

ſelves into the pores of the ſtring, and by ſo doing 

cauſe it to contract and ſhorten ;. upon which ac- 
count, the vibrations of the pendulum will be 
quickened, as will appear from the next Theorem, 

and the clock will gain. So that neither a clock 

of this, nor of any other kind, can go exactly true 

for any long courſe of time, which is a thing well 
known to clock-makers, who have frequently ex- 
perienced the beſt regulated clocks to vary, in the 
compaſs of a few months, ſome ſeconds from the 
equation table, ſo as to ſtand in need of a new re- 
gulation. | a ee 


TkroaxM IV. The times wherein pendulums of Pl. 5. 
different lengths at C V and A B perform their vibra- Fig: 17. 
tions, are to one another in the ſame proportion with the 

: ſquare roots of the lengths of the pendulums. | 


For, by the third Theorem, the time wherein the pl. _ 
pendulum C V performs its vibrations, is to the Fig. 17. 
time wherein a body falls down the axis D V, as the | 
circumference of a circle to its diameter ; and by 
the ſame Theorem, as the'circumference of a circle: 

is to the diameter, ſo is the time wherein the pen- 
dulum' A B performs its vibrations, to the time pl. 5. 
wherein a body falls down the axis EB; conſequent- Fiz. 18. 
ly, the time wherein the pendulum - CV performs | 
its vibrations, is to the time wherein the pendulum 
AB performs its vibrations, as the time of the fall 
down DV, is to the time of the fall down EB; 
but, as I proved in my lecture upon gravity, the 
time of the fall down DV, is to the time of 2 

> 11 


* 


& 


74 


or. THE PENDULUM.” 


beer fall down EB, as the ſquare root of D V, t to the 


uare root be EB ; or, becauſe DV is one half of 


9 
— CV, and EB one half of AB, as the ſquare root of 


| Cv, to the ſquare root of AB; wherefore, the 


time wherein the pendulum CV performs i its vibra- 
tions, is to the time wherein the pendulum AB 
performs its vibrations, as the ſquare root of G V, 
to the ſquare root of AB, that is, the times are as 
the ſquare roots of the lengths of the pendulums; 
ſo that if one pendulum be four times as long as 
another, the ſhorter will vibrate in half the time, ſo 
as to perform two vibrations in the ſame time that 


the longer performs one. 
In this Theorem, as alſo in every thing elſe that 


has been hitherto ſaid e the pendulum, 


the force of gravity is ſuppoſed to be given; whence 
it follows, that if pendulums of different lengths, 


as CV and AB, perform their vibrations in equal 


times, the force of gravity in ſuch pendulums muſt 


vary, and that in proportion to the lengths of the 
pendulums, that is to ſay, the force of gravity in 
the pendulum CV, muſt be to the force of gravity 


in the pendulum AB, as CV to AB. For, as the 


times of the vibrations are ſuppoſed to be equal, the 
times of the perpendicular falls down the axes DV, 
and EB muſt likewiſe be equal, inaſmuch as they 
have been proved to be proportional to the times 


of the vibrations; ſince therefore, forces which act 


conſtantly and uniformly are to one another as the 
velocities which they generate in any given time, 
the force of gravity which carries a body down DV, 
muſt be to the force of gravity which in the ſame 
time carries a body down EB, as the velocity ac- 
quired at the end of the fall down DV, to the velo- 
city acquired at the end of the fall down EB; but I 
proved in my lecture upon gravity, that the velocity 
acquired in falling down DV, is ſuch 'as will in 
ſpace of time equal to that of the fall carry a b 
hro? a ſpace — to twice DV, that is, thro a ſpace 
as 
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equal to the length of the pendulum CV; and there- Laer. 
fore, the time being given, the velocity may be 2 1 
expreſſed by the length of the pendulum; and fer 
the ſame reaſon, the velocity acquired in falling | 
down EB, may be exprefled by the length of the 
pendulum AB; conſequently, the force of gravity 
which moves the pendulum CV, is to the force of 
gravity, which acts upon the pendulum AB, as the 
length of the former to the length of the latter. 
Since therefore it has been found by experience, that 
a pendulum which vibrates in a ſecond of time under 
the line muſt be lengthened as it is removed from 
the line, and that more and more as its diſtance 
therefrom increaſes; it is manifeſt, that the force of 
gravity is leſs. in the equatorial parts of the earth, 
than in any other, and that it increaſes continually 
as the diſtance from the line increaſes, ſo as to be 
_ greateſt under the poles; in what proportion this 
| increaſe of gravity is made, and from what cauſe it 
proceeds, I ſhewed in my lecture upon gravity. 5 
' As the ſeveral parts of the cycloidal arch of LV, pl. 5. 
have different inclinations to the plane of the hori- Fig 17+ 
20on, it is evident, from what has been ſaid concern- 
ing the motion of bodies upon inclined planes, that 
the force which accelerates the motion of a pendu- 
lum in its deſcent from L to V, muſt continually 
vary; it being greateſt in the point L, and thence 
continually leſſening as the cycloidal arch ſhortens, 
till at length in the point Vit intirely vaniſhes : 
and what is particularly remarkable in this caſe is, 
that the accelerating forces in the ſeveral points 
of the cycloid, are to one another in the ſame 
proportion with the cycloidal arches intercepted 
between the vertex and the reſpective points; for 
inſtance, the force which accelerates the pendulum 
in the point L, is to the force which accelerates 
the ſame in the point M, as the arch LV, to the 
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Lecrs Por as the points L and M have the fame di- 
rections with their tangents, the accelerating forces 
in thoſe points muſt be the ſame with the forces 
which accelerate the motions of bodies deſcending 
along the tangents; or becauſe the chords OV and 
Vin the generating circle are, by the ſecond pro- 

- perty of the cycloid, parallel ro the tangents at L © 
and M, as the forces which accelerate bodies in 
their deſcent upon the chords OV and QV; but 
foraſmuch as thoſe accelerating forces act conſtantly 

| and uniformly, they muſt be to one another, as the 

velocities which they generate in a given time; and 
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1 therefore, ſince it has been proved, that the chords 
9 OV and QV are deſcribed in the fame time, the 
1 | accelerating forces are as the velocities acquired at 


| the end of the deſcent along thoſe chords; but it 

has likewiſe been proved, that thoſe velocities are 

1 as the lengths of the chords; conſequently, the 
force which accelerates a body deſcending along the 
chord OV, is to the forte which accelerates a body 

> . deſcending along the chord QV, as OV to QV 

but foraſmuch as by the third property of the cy- 
eloid, OV is one half of LV, and Q one half of 
Mv, as OV is to QV, ſo is LV to MV; and 
therefore, the accelerating force along OV, is to the 
accelerating force along OV, as the cycloidal arch 
LV to the arch MV; but it has been proved, that 
the accelerating force along QV, 1s the ſame with 
the accelerating force in the point L, and that the 
accelerating force along Q, is the ſame with the 
accelerating force in the point M; conſequently, 
the force at L, is to the force at M, as LV to MV 
as what has been thus demonſtrated of the forces 
at the points L and M, is in like manner demon- 
ſtrable of the forces at any other points, ſo that in 
a pendulum deſcending in the arch of a cyeloid, the 
accelerating force is in every point as the length of 
the cycloidal arch intercepted between the point and 
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— rections with their tangents, the accelerating forces 
* in thoſe points muſt be the ſame with the forces 
which accelerate the motions of bodies deſcending 
along the tangents; or becauſe the chords OV an 
Vin the generating circle are, by the ſecond pro- 
perty of the cycloid, parallel to the tangents at L. 
and M, as the forces which accelerate bodies in 
their deſcent upon the chords OV and Q; but 
foraſmuch as thoſe accelerating forces act conſtantly 
and uniformly, they muſt be to one another, as the 
velocities which they generate in a given time; and 
therefore, ſince it has been proved, that the chords 
OV and Q are deſcribed in the ſame time, the 
accelerating forces are as the velocities acquired at 
the end of the deſcent along thoſe chords; but it 
has likewiſe been proved, that thoſe velocities are 
as the lengths pr the chords; conſequently, the 
force which accelerates a body deſcending along the 
chord OV, is to the force which accglerates a body 
deeſcending along the chord QW, as OV to QV ; 
bdut foraſmuch as by the third property of the cy- 
_ eloid, OV is one half of LV, and Q one half of 
MV, as OV is to QV, ſo is LV to MV; and 
therefore, the accelerating force along OV, is to the 
accelerating force along OV, 'as the cycloidal arch 
LV to the arch MV; but it has been proved, that 
the accelerating force along QV, 1s the ſame with 
the accelerating force in the point L, and that the 
accelerating force along QV, is the ſame with the 
accelerating force in the point M; conſequently, 
the force at L, is to the force at M, as LV to MV; 
as what has been thus demonſtrated of the forces 
at the points L and M, is in like manner demon- 
ſtrable of the forces at any other points, ſo that in 
a pendulum deſcending in the arch of a cycloid, the 
accelerating force is in every point as the length of 
the cycloidal arch intercepted between the point and 
80 the 
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the vertex; or in other words,” the force is 

; where proportional to the ſpace to be deſcribed: 1 
I Wis then being the law of the accelerating -+ Ta 3 
and it having been proved, that the pendulum, 
whether it begins its motion from I. or M, or any 
other point in the cycloid, will arrive in the ſame 
time at the loweſt point V; it follows, that if ſe- 
veral bodies, placed at different diſtances from any 
point or center, begin to move towards it at the 
ſame inſtant of time, with forces that are every 
where proportional to the diſtances from the center, 
they will all arrive at the center at the ſame inſtant 
of time; which I thought fit to mention in this 
place, in order to avoid the trouble of demonſtrat· 
ing the ſame,” when I come to treat of the motions 
of muſical ſtrings, towards the it of which 
this propereys wall we of uls. | 


LECTURE. Xl. 
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8 che Docu oF Prxojzors, eben F in- 8 
L tend to treat in this lecture, cannot be rightly , 
ap rifiended without ſome knowledge of the Para- 
bola ; I ſhall by way of introduction ſhew the man- 
ner wherein that curve is generated, and point out 

ſuch of its properties as I ſhall have occaſion to 
make uſe of in explaining the motion of projects, 
referring you for their demonſtrations to thoſe au- 

thors who have wrote of the conic ſectiunmn. 

If a cone as ABC, be touched by a plane in the Pl. 6. 
right line AB, and be cut by another . parallel Fig 1. 
to the former, the curve which ariſes from the inter- 
ſection of the plane with the ſurface of the cone is 
called a Parabola; being ſuch as is repreſented in i _ 


Fg. 2, in which the higheſt point P is called the pig. 2. 
principal 
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2 principal vertex ; the right line CAP paſſing thro” 


the point P, and perpendicular to the tangent at that 
point, is called the axis; a right line as DA, drawn 
from any point in the curve perpendicular to the 
axis, is called an ordinate io the axis; P A the part 
of the axis intercepted: between the vertex and 1 | 


ordinate is called the ab/cifſe to that ordinate; a 


right line, being a third proportional to the abſciſſe 
and its reſpective ordinate is called the principal pa- 
rameter, or the parameter to the axis ; a right line as 


DEH, drawn from any point in the curve parallel 


to the axis, is called a diameter; a right line as PE, 
intercepted between any point in the curve and the 
diameter, and parallel to BD which touches the 
curve in the point D, is called an ordinate to that di- 
amerer; DE the part of the diameter lying between 
the vertex D and the point E, is called the ab/ciſe 
to the ordinate PE; and a right line, being a third 
proportional to the abſciſſe DE and the reſpective 
ordinate EP, is called the parameter to the diameter 
DH, or to the vertex D. 

The ſquare of any ordinate divided by the re- 


ſpective abſciſſe, is is equal to the reſpective parame- 


ter ; thus the ſquare of DA diyided by PA, or the 


ſquare of O divided by PO, is equal: to che prin⸗ 


cipal parameter; and the ſquare of EP divided 
DE, as alſo the ſquare of LM divided by DL, is 
10 the parameter belonging to the vertex D. 
The ſquares. of the ordinates to the: axis, or to one 
and the ſame diameter, are to one another in the 
ſame proportion with their reſpective abſciſſa's. 
Thus, the ſquare of DA, is to the ſquare of O0, 
- —— to „ e the ſquare of FE is to the avare 
to DL. 

2 one and the ſame parabola, the orincitial pa 
rameter is the leaſt of all the parameters; and the 
other parameters increaſe, . as the diſtance of their 
vertices from the principal vertex mereales, tho” not 
in the ſame proportion. r 1325 1 
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It from any point in a parabola as D, an ordi- 


nate be drawn to the axis, and if from the ſame 
point a tangent be drawn upward, it will meet the 
axis when produced ; and AB, the part of the axis 


| intercepted between the ordinate DA, and the tan- 


gent DB, will be biſected by P the principal ver- 


rex. | 
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Theſe things being premiſed; if a body be 


thrown into any direction whatever that is not per- 


pendicular to the plane of the horizon, it will in 
its motion deſcribe a parabola. 
For the proof of which, let AE be the direction 


Pl. 6. 


of the projection, which in the 3d Fig. is parallel Fig. 3, 4 
to the horizon, and in the 4th and 5th inclined there- 5 


to; and let AE be the ſpace which the project 
would deſcribe in any given time by means of the 
force impreſſed, ſuppoſing it had no motion down- 


ward from the force of gravity; likewiſe let AB be 


the ſpace thro? which it would deſcend in the given 


time by virtue of its own gravity, ſuppoſing it had 
no other motion ; then compleating the parallelo- 
gram ABCE, it is manifeſt from what was former- 
55 ſaid concerning the compoſition of motion, that 
at the end of the given time, the project muſt by 


virtue of its double motion, be found in the point 


C; but, foraſmuch as the motion impreſſed in the 


direction AE is uniform, the ſpace deſcribed, that 


is AE, muſt be as the time in which it is deſcribed; 


conſequently, AE ſquare, or BC ſquare, is as the 


ſquare of the 'time; but AB or EC, which is the 
ſpace deſcribed in the ſame time y the force 'of 
gravity, is likewiſe as the ſquare of the time, as I 


proved in my lecture upon gravity ; conſequently, 


AB is as the ſquare of BC; and therefore, from the 
nature of the parabola, the point C thro' which the 
project moves, muſt be in the curve of a parabola, 
whoſe diameter is AB, the vertex A, the point 
from whence the project begins its motion, and the 

es parameter 
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4” parameter belonging to that vertex, BC AMP di- 


vided by AB, or AE ſquare divided by EC; and 
what has been thus demonſtrated of the point 0, is 
in like manner demonſtrable of all the other points 
thro' which the project moves; conſequently, the 


line which it deſcribes is a parabola. ' 


The velocity of a project in any point of the ba- 


rabola as A, is ſuch as a body acquires in falling 


down the fourth part of the parameter belonging to 
that point. For the velocity of the proje& in the 
point A is ſuch, as would carry it from A to E in 


the ſame time that a body deſcends from E to C; 


and the velocity acquired in the deſcent from E to C 
is ſuch, as in the ſame ſpace of time with that of 


5 fall, would carry a body through a ſpace equal to 
double EC; conſequently, that velocity 1s to the 


velocity of the project in the point A, as twice E C 


to AE, or as EC to AE; but as EC is to 2 AE, 


ſo is the velocity acquired i in falling from'E to ©, 
to the velocity acquired in falling down the fourth | 
part of the parameter belonging to the vertex A ; 


for, by the nature of the parabola, the parameter 


ce 


belonging to the vertex A, is equal to ==; 


EC; * 
wherefore the velocity acquired in falling from E 
to C, is to the velocity acquired in falling down 
the fourth part of the parameter, as the ſquare root 
Eq 
of EC to the ſquare root of 2055 which ſquare 
roots are to one another, ay EC to + AE, as may 


appear by multiplying each into the ſquare root of 
ECC; fo that the velocity acquired in falling thro* 


a fourth part of the parameter belonging to the 
vertex A, and the velocity of the project in the 
point A, have one and the ſame proportion to the 


velocity acquired in falling from E to C; conſe- 
quently, from the nature of proportionals, thoſe 


two velocities muſt be equal. 
Hence 
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Hence it follows, that if projects move tbrough 


the ſame or different parabolas, the ſquares of their 


velocities in the ſeveral points of the parabolas, are 


to one another, as the parameters belonging to the 
reſpective points; for, ſince the velocities in the 


ſeveral points are equal to the velocities acquired in 
falling down the fourth part of the parameters be- 
longing to thoſe points, and ſince the ſquares of 
the velocities acquired in falling down the fourth 
part of the parameters, are to one another as the 
ſpaces deſcribed, as I proved in my lecture upon 
gravity, it is evident that the ſquares of the velo- 
cities wherewith projects move through the ſeveral 


points of the paratolas which they deſcribe, are to 
one another in the ſame proportion with the quarter 


parts of the parameters belonging to thoſe points ; 
but the quarter parts of the parameters being to one 


another as the whole parameters, the ſquares of the 


18 
Leer. 


velocities in the ſeveral points of the pargbolas muſt 


bear the ſame proportion to one another, that the 


parameters do which belong to thoſe points. 
Since this is the caſe, and ſince by the nature of 


the parabola the principal parameter, is leſs than any 


other, and that the other parameters grow larger 


as the points to which they belong are more diſtant 


from the principal vertex ; if a project be caſt ob- 


liquely upward, as in Fig. 4. from A towards E, its 


velocity muſt continually decreaſe as it riſes and 


approaches the uppermoſt point P, wherein the velo- 
city being leaſt mult thence increaſe continually as 


the project deſcends and recedes from the point P; 


and as in one and the ſame parabola, where the diſ- 
tances of any two points as A and K, from the 
principal vertex P, are equal, the parameters be- 
longing to thoſe points are likewiſe equal; it is ma- 
nifeſt, that a project muſt have equal velocities in 
_ thoſe points; and of conſequence, ſetting aſide any 


difference which may ariſe from the reſiſtance of the 
C * | = 
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Lzcr. air, the project will, cæteris paribus, ſtrike a mark 
XI. as forcibly -in the point K as it does at its firſt ſet- 


ting out in the point A. | 
The velocity wherewith a project is thrown being 
given, the velocity thereof in any point of the curve 
may be thus determined. In the parabola of Fig. 3. 
let the axis BA be continued upward to D, fo as that 
DB may equal the height from which a body muſt 
fall, in order to acquire the fame velocity where- 
with the project ſets out from G; then from any 
e in the curve taken at pleaſure as K, let the 
orizontal line KL be drawn, and the velocity of 
the project in the point K, will be to the velocity 
wherewith it began its motion from G, as the ſquare 
root of DL, to the ſquare root of DB. For, in 
my lecture upon gravity, I proved, that if a bod; 
be thrown directly upward from B towards D, with 
the ſame velocity that it acquires in falling from 
D to B, it will in any point of its aſcent as L, have 
the ſame velocity that it would acquire in falling 
from D to that point; but the velocity acquired in 
the deſcent from D to L, is to the velocity acquired 
in the deſcent from D to B (which velocity is by 
ſuppoſition equal to the velocity wherewith the bo- 
dy is thrown up) as the ſquare root of DL, to the 
ſquare root of DB; and by the eighth Prop. of my 
laſt lecture, the velocity of the project at K, is the ſame 
with the velocity at L; conſequently, the velocity 
thereof at K, is to the velocity where with it ſet out from 
G, as the ſquare root of DL, to the ſquare root of DB. 
Whence it follows, that if DB be equal to 1600 
feet, and DL to 400, the velocity of the project at K, 
is but one half of the velocity which it had at its ſet- 
ting out from G; and if DL be equal to goo feet, 
then is the velocity at K, three fourths of the velo- 
city at G; ſo that a project being thrown oblique- 
5 upward with ſuch a velocity as would carry it to 


e height of 1600 feet if thrown directly upward, 
wil 
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will loſe a fourth part of its velocity by the time it 
has riſen to the perpendicular height of 700 feet, 
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and one half of its velocity when it has FIRE $60 * 


feet more. 
The velocity wherewith a n is thrown from 


any given place being given, as alſo the poſition of 


a mark, the directions wherein the project muſt be 
thrown, in order to hit the mark, may be determin- 
ed in the following manner, 

Let A be the place from whence the project i is 
thrown, C the mark ſituated in the-line AC, whoſe 
length is given, as alſo the angle CAB, which it 
makes with the horizontal line AB; at A erect the 
perpendicular AP, equal to the parameter belong- 
ing to the point A, which parameter is given, in- 


aſmuch as the velocity wherewith the project is caſt 


from the point A is given; for it is equal to four 
times the height from which a body muſt fall in 
order to; acquire that velocity. Let AP be biſected 
by the line KH, cutting it perpendicularly in G; 

at A eret AK perpendicular to AC, and let it be 


continued till it meets KH. From 'the point of 


concourſe K, with the radius KA, let the circle 
AHP be deſcribed. This being done, let a right 


Pl. 6. 
Fig. 6. 


line as BCEI be erected perpendicular to the hori- 


zontal line AB, ſo as to paſs thro'. the mark C, and 


if poſſible to cut the circle in two points as E and 5 


AE and Al are the two directions, in either of 
which, the project being caſt with the given velo- 
city, will hit the mark. 

or, drawing the lines PE and PI, the angles 
CAE and APE are equal, from the nature of the 


circle; and from the nature of parallel lines, the 


angles CEA and EAP are equal; conſequently, 


the triangle AEC is ſimilar to. the triangle PAE; 


and therefore PA is to AE, as AE to EC; whate- 


fore, multiplying the extremes and means, and di- 


viding by EC, PA is equal to 500 In like man- 


N 1 ner, 


th. 
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ger. ner, the triangles PAI and CAL being fimilar, PA 
3 Al 1 
-s equal toTe- Wherefore, ſince PA is equal 


to the parameter at the point A, it follows, from 


the nature of the parabola, that thoſe parabolas 


which the project deſcribes when thrown in the di- 
rections AE and Al, mult paſs thro? the point C; 
conſequently, the mark will be hit by a project 
thrown in either of thoſe directions BD 6 

Whenever the mark is placed at ſuch a diſtance 


from A on the line ACM, ſuppoſe at M, as that the 


per perpendicular NMH, which paſſes thro' the mark, 


becomes a tangent to the circle at H, the mark is 


then at the utmoſt limit on the line AM, to which 


a project thrown with the given velocity can reach, 


and there 1s but one direction, to wit AH, where- 
with the mark can be hit; for it is evident, that any 


ther direction muſt terminate in ſome point of the 


circumference above or below the point H; whence 
if a perpendicular be let fall to the horizontal line 
AN, it muſt of neceſſity fall on this ſide of HN 
with reſpect to A, and of conſequence cut the line 
AM in a point leſs diſtant from A than is the point 


The line AH, which denotes the direction of the 
project, when thrown to the greateſt diſtance poſ- 
fible on the line AM, biſects the angle PAM, 
which meaſures the viſible diſtance between the ze- 
nith or vertical point P and the mark M. For, by 


the nature of the circle, the angle MAH, is equal 


to the angle HPA; and foraſmuch 2s in the tri- 
angles HPG and HAG, the ſides PG and AG are 
equal by conſtruction, and GH common to both, 
and the angles at G right ones, the angle HPG is 
equal to HAG, conſequently, HAG or HAP is 
equal to MAH, that is, the angle PAC is biſected 
by the line AH. | DE 
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If the line AcM be ſituated below the horizontal Leer. 


line AN, which is the caſe when the mark is ſeated 


— 


on a deſcent, let all things be conſtructed as before, pl. 6. 


and the ſame things will obtain; to wit, AI and Fi 


AE, will be the directions neceſſary to hit the mark 
at C; and the line A H will biſeQ the angle PAM, 
which meaſures the apparent diſtance between the 
zenith and the mark; and the point M will be the 
utmoſt limit on the line A M, of a project thrown 
with the given velocity; the demonſtiations of 
which are exactly the ſame as in the foregoing 


caſe. n 


g. 7 


If the mark be placed on a level, the line ACM py. 6. 
will coincide with the horizontal line ABN, and Fig. 8, 


the parameter AP, will paſs thro? the center of the 
circle and become a diameter, the points'K and G 
coinciding. © _ 9 5 e 

In this caſe, the horizontal diſtance of the mark, 
to wit AC or AB, is as the ſine of the doubled 


zontal range, or the diſtance to which a project is 
thrown on the plane of the horizon with a given 
velocity, is as the ſine of the doubled angle bf ele- 


vation. | 


Fior AC, the horizontal range of a project thrown - 


with a given velocity in the direction AE, is equal 
to DE, the fine of the angle AK E, but, from 
the nature of the circle, the angle AK E is double 
the angle APE, which is equal to CAE, the angle 
of elevation; conſequently, AC, the horizontal 


diſtance of the mark, or the diſtance to which a 


project is thrown on the plane of the horigon with 
a given velocity, is as the ſine of the doubled angle 
of elevation. | 85 | 99 
Hence it follows, that in order to throw a pro- 
ject with a given velocity, to the greateſt diſtance 
poſſible on the plane of the horizon, the direction 
of the projection muſt be elevated in an angle of 45 
degrees; for, ſince the ſine of twice 45 er go de- 

N 2 | grees 


angle of elevation; or in other words, the hori- 


Laer. grees is 7 to the radius, and of conſequence; the 


XI. 
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F all the fines; and ſince the horizontal 
ranges at the ſeveral angles of elevation are to one 
another, as the ſines of the doubled angles of ele- 
vation, it is manifeſt, that the greateſt range, or as it 
is uſually called by gunners, the greateſt random, 


mult be when the proſect is caſt in a. direction whoſe 


elevation is 45 degrees; moreover, the greateſt ran- 
dom is ever equal to one half the parameter at the 


** from which the projection is made; for the 


line AM, which expreſſes the greateſt random, is 
equal to the radius K H, or half the diameter AP, 
which by the conſtruction, is equal to the parame- 
ter belonging to the point A; ſo that where the 
velocity with which a project is thrown is given, the 
utmoſt diſtance which that project can reach on the 
horizontal plane, is likewiſe given; for it is equal 
to twice the height, from which a heavy body muſt 
fall in order to acquire the velocity wherewith the 


project is thrown; the parameter belonging to the 


point A, having been already proved equal to four 
times that height. | ll iy 4EROH 
A ſecond Fonlequonce of the horizontal tanges 
being as the fines of the doubled angles of elevation 


is, that if two projects be thrown with equal velo- 


cities, in directions whoſe elevations are-equally diſ- 

tant from 45 degrees above and below, for inſtance, 

if the elevation of one be 60 degrees, and that of 
the other 30, whereof the former exceeds 45 de- 

grees, and the latter falls ſhort thereof by 15 de- 

grees, the horizontal ranges will be equal, or, in 

other words, the two projects will fall on the plane 

of the horizon, at the ſame diſtance from the place 

of projection; for as the ſum of any two arches of a 

_ quadrant, whereof one exceeds 45 degrees as much 
as the other is exceeded thereby, is equal to a qua- 

drant, it is manifeſt, that two ſuch arches are com- 

plements to each other; wherefore, ſince by the na- 

tnre of the circle, the ſine of a doubled arch is equal 
A : to 
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tal to the ſine of its doubled complement, the fines of Laer. 
ne the doubled angles of two elevations equally diſtant __**-_ 
le- from 45 degrees above and below, muſt be equal; 
it and ſo of conſequence muſt the horizontal ranges 
m, which are proportional to thoſe ſines. And thus it 
ole would conſtantly be, were it not for two cauſes which 
n- | do in ſome meaſure diſturb this law of projects, fo 
he as to make. the horizontal ranges of the higher ele- 
he vations to fall ſhort of thoſe of the lower. 
is The firſt' of theſe diſturbing cauſes is the air. 
P, which as it refiſts, and thereby retards the motions 
ne- of projects, mult, ceteris paribus, cauſe a greater 
the retardation in thoſe motions which are of longeſt 
he continuance; conſequently, ſince the higher the 
he elevation of the direction is, the longer is the time 
ual of the projects motion, as ſhall be ſhewn hereafter; 
uſt if the directions wherein two projects are caſt with 
he equal velocities, be equally diſtant from 45 degrees, 
he | the one above and the other below, the project which 
ur is thrown in the higher direction, will be more re- 
11 tarded than that which is thrown in the lower; and 
zes of courſe, will fall on the plane of the horizon at 
on a leſs diſtance from the place of projection. 

lo- The ſecond diſturbing cauſe, obtains with regard 
lif- to ſuch projects only as are thrown by the force of 
ce, gun-powder. As the force of the powder acts upon 
of the ball during its continuance in the barrel, ſo does 
de- it likewiſe to ſome diſtance beyond the muzzle; 
de- and by ſo doing makes the ball to move forward in 
in a right line, which line is commonly called the /ine 
me F impulſe of fire; at the end of which, the ball 
ace quitting the blaſt of the powder, begins to move in 
f a the curve of a parabola. „ 

ch Now tho? the air gave no reſiſtance to projects, 
ua- yet muſt the horizontal ranges of a balt ſhot out of 
m- | the ſame piece with equal charges, in two directions 
na- equally diſtant above and below 45 degrees, be dif- 
ual ferent on account of the different directions of my 
to ine 
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Eten line of impulſe of fire; for let us ſuppoſe a gun 
8 at A, to diſcharge two equal balls with equal quan- 
Pl. 6. tities of powder, one in the direction A B, and the 
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Fig. 9. other in the direction A C, AB being as far above 


Fl. . 
Fig. 8. 


45 degrees, as AC is below it; andlet ABand AC 
denote the lines of impulſe of fire, ſo that at Band 
C the balls will begin to move in parabolick curves; 
from which points let fall the perpendiculars BD 
and CE; it is manifeſt, that A D, which is the 
ſine of the complement of the higher elevation, 
will denote that part of the horizontal range which 
is owing to the line of fire, when the project is 
thrown according to the higher elevation; and 
AE, the fine of the complement of the lower ele- 
vation, will be that part of the horizontal diſtance, 
which is owing to the line of impulſe when the 
project is thrown according to the lower elevation; 
conſequently, ſince the fine of the complement 
of a leſſer angle is ever greater than that of a lar- 
ger angle, the horizontal range of the lower eleva- 
tion muſt exceed that of the higher, ſo that where 
projects are thrown with the ſame velocity by the 
force of powder, in directions equally diſtant above 


and below 45 degrees, thoſe muſt range fartheſt | 


which are thrown according to the lower elevations, 
as well on account of the line of fire, as K the 
reſiſtance of the air. 

The altitude to which a project riſes, is as the 
verſed ſine of the doubled angle of elevation; for 
the proof of which, let A E be the direction of the 
projection, and let 'A C pr AB be biſected in T, 
and from the point of biſection erect the perpen- 
dicular TR; fince the point T is equally diſtant 
from A, where the project iN its motion, and 
from B, where the motion of the project ceaſes, 
TR will be the axis of the parabola 20 the pro- 
je& deſcribes; and, from the nature of the parabola, 


wil be biſetted in V by the * vertex; 
where. 
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wherefore, TV will be the height to which the pro- Leer- 
je& riſes; but from the nature of ſimilar triangles, _ **: , 


ſince AT is one half of AC, IT R is likewiſe one 
half of CE, and conſequently, TV one fourth of 


CE; -wherefore, from the nature of proportionals, 


TV is as CE; but CE is equal to AD the verſed 


ſine of the angle AK E, which by the nature of the 
circle, is double APE; and APE is likewiſe, by 


the nature of the circle, equal to BAE the angle 
of elevation; wherefore TV, or the height to 


which the project riſes, is as CE the verſed line of 


the doubled angle of elevation; hence it follows, 
that the greater the elevation is, the higher-the pro- 


jet will riſe, inaſmuch. as the verſed fines of the 
doubled angles of elevation increaſe continually with _ 
the elevation, till at length the elevation becoming 


perpendicular, the verſed fine of the doubled eleva- 
tion becomes equal to the diameter, which being the 
greateſt of all the W_ fines, the altitude of the 
perpendicular projeQio 

and it is equal to one fourth of the parameter; for, 
I ſhewed you in my lecture upon gravity, that if a 
body be thrown up with any velocity, it will riſe to 
the ſame height, f 


om whence if it fell from a ſtate 
of reſt, it would by the end of the fall acquire the 
ſame velocity wherewith it is thrown up; and in 
this lecture I proved, that the velocity wherewith 
a project moves in any point of the parabola, is equal 
to the velocity acquired by a heavy body in falling 


down the fourth part of the parameter belonging to 


that point; conſequently, a project thrown up with 
a given velocity from the point A, will riſe to a 
height equal to the fourth part of the parameter be- 
longing to that point. 'Hence it appears, that the 
greateſt height of the perpendicular projection, is 
equal to half the greateſt random, inaſmuch as the 


greateſt random has been proved equal to half the 


The 


n muſt likewiſe be greateſt; 


190 


by 


Leer. The time of the flight of a project thrown with 
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a given velocity, is as the fine of the angle of ele- 
vation: for inſtance, the time of the flight of a pro- 
je& thrown with a given velocity in the direction 
AE, is as the fine of CAE, the angle of elevati- 
on; for ſince the project moves thro” the curve of. 
a. parabola from A to C, by virtue of its uniform 
motion in the direction AE, and of its accelerated 


motion in the direction E C, it is evident, that the 


time of its flight thro? the parabola, muſt be equal 
to the time of its uniform motion from A to E; 
but as the velocity is given, the time of the motion 
from A to E wok be as the ſpace deſcribed, that. 
is, as AE; or by the nature of proportionals, as one 
half of AE; but AE being the chord of the arch 
AE which meaſures A K E, the doubled angle of 
elevation, one half of AE is equal to the fine of 
half the arch AE, that is, to the ſine of the arch 
which meaſures CAE, the angle of elevation; con- 
ſequently, the time of the flight is as the ſine of the 
angle of elevation, Hence it follows, that the 

reater the elevation is, the longer the time of the 
fight will be; as alſo that the time of the perpen- 
dicular flight is greateſt of all, the ſine of the per- 

ndicular elevation being equal to radius. 


lf the velocity wherewith a project is thrown be 


required, it may be determined from experiments: 

in the following manner; by the help of a pendulum 
or any other exact chronometer, let the time of the 
perpendicular flight be taken; then, foraſmuch as 
the time of the aſcent and deſcent are equal, the 
time of the deſcent muſt be equal to one half of the 
time of the flight, conſequently, that time will de 
known; and, foraſmuch as a heavy body deſcends 


from a ſtate of reſt at the rate of 16 feet in the firſt 


ſecond of time, and that the ſpaces thro' which bo- 

dies deſcend are as the 1 of the times; if we 

ſay, as one ſedond is to ſixteen feet, ſo is the ſquare 
| | 8 
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of the number of ſeconds which expreſs the time of Laer · 
the deſcent of the project, to a fourth proportional, 


we ſhall have the number of feet thro* which the 


project fell, which being doubled, will give us the 


number of feet which the project would deſcribe in 
the ſame time with that of the fall, ſuppoſing it 


moved with an uniform velocity, equal to that 
which it acquired by the end of the fall; which laſt 


found number of feet, being divided by the num- 


ber of ſeconds which expreſs the time of the pro- 
ject's deſcent, will give a quotient, expreſſing the 


number of feet thro! which the project would move 
in one: ſecond of time with a velocity equal to that 
which it acquired in its deſcent, which velocity is 
equal to the velocity wherewith the project was 
thrown up; conſequently, the velocity wherewith 
the project was thrown up is diſcovered. To illuſ- 
trate this by an inſtance, let us ſuppoſe half the time 


of the perpendicular flight to be 8 ſeconds; then, 


as one is to 16, ſo is 64, the ſquare of 8 ſeconds, to 
1024; which being doubled, and then divided by 
8, gives 256 in the quotient; which ſhews that the 
project was thrown upward with ſuch a velocity as 
would carry it, ſuppoſing it moved uniformly, at 


the rate of 256 feet in one ſecond of time. 


Perhaps it may be objeQed, that the method here 
laid down for diſcovering the velocity of projects, 
is founded on experiments in which projects are ſup- 


poſed to move freely without any let or impediment, 


whereas the air reſiſts and retards all projects in their 


motions, ſo as not to ſuffer them to riſe to the ſame 


height, or to return with the ſame velocity, that 


they would in cafe they moved in vacuo; in anſwer 


to which it muſt be confeſſed, that in the experi- 
ments here made uſe of, the air does reſiſt and im- 


pede the motions of projects, ſo as to ſhorten their 


afcent, and to leflen the velocity of their return; 
but then this does very little affect the truth of 
ade eh | ” the 
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Leer. the concluſions which are gathered from theſe ex- 


oO 
* „ 


periments concerning the velocities, wherewith pro- 
jets begin their motions; for as in the method laid 
down, the only thing neceſſary to be known from 
experiment, is the true time of the flight of a pro- 


- je&, ſuppoſing it to move in vacuo; if that time 


can be had from theſe experiments, the velocity 
wherewith the project ſets out may be rightly de- 


- termined, notwithſtanding the refiſtance of the air; 


but the time of the flight of a project thrown di- 
realy upward, is very nearly the ſame in vacuo, as 
in the air; for, as much as the time of a project's 
aſcent is ſhortened by the reſiſtance of the air, ſo 
much very nearly is the time of its deſcent length. 
ened by the ſame reſiſtance, conſequently, the whole 
time of the flight in air muſt be yery nearly equal 
to the time of the flight in vacua, and therefore, 
the time of the flight in vacuo is got, by taking the 


time of the flight in air, 


Degrees. | Sines. Verſed fines, 
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Experiments concerning projets made with a ſmall. 
mortar, the length of whoſe chaſe was 52 inches ; 
the diameter of the ball and chaſe 3+ inches; weight 
of the hollow ball 2 3000 grains; length of the 
chamber 2 inches, and its diameter + 2 inch. 
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LECTURE. XN. 
Or HyrDrosTATICKS. 
Lier. IN this lecture I ſhall give you an account of the 
XII. gravitation and preſſure of waTEs, and ſuch 
> other FLU1Ds, as are commonly called Liqu1Ds. 
A fluid in general is a body, whoſe parts yield to 
any force . impreſſed, and in yielding are eaſily 
moved one among another. 8 „ 
Ihe minute particles of fluids do not ſeem to 
differ from thoſe of ſolid bodies; inaſmuch as fluids 
and ſolids are frequently converted into one ano- 
ther. Thus water and watery fluids are by cold 
changed into ice; which by heat is again reduced 
to its fluid ſtate. Metals of all kinds being melted 
become fluid, and upon cooling grow ſolid again; 
The moſt ſolid and ponderous woods, as alſo the 
hardeſt ſtones, may by the force of fire in a great 
meaſure be converted into water, as is well known 
to the chymiſts. And there are not wanting in- 
ſtances in nature of the groſſeſt bodies being turned 
into the ſubtile fluids of air and light, and theſe 
again into groſs bodies. Which changes can ſcarce- 
ly be accounted for, unleſs we ſuppoſe the minute 
particles of fluids to be of the ſame nature with thoſe 
of ſolid bodies. But be this as it will, moſt certain 
it is, that fluids as well as ſolids. conſiſt of heavy 
particles, whoſe gravity is ever proportional to the 
quantity of matter which they contain. This hav- 
ing been found as far as experience reaches to be the 
univerſal property of matter, whatever be the form 
under which it appears. Moſt indeed of the an- 
cient naturaliſts, not being ſenſible of any weight or 
preſſure from the air about them, or from the in- 
cumbent water, when immerſed therein, were of 


opinion, that the parts of one and the ſame element 
” did 
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did not gravitate one upon another; which opinion Lzev. * | 


has been exploded by the moderns as erroneous; XII 
and that it is ſo, will appear from the following 
„ ww „ èͤ LTTY NR. 
Let an empty phial cloſe ſtopped and immerſed 
in water, be ſuſpended from one end of a balance 
and poiſed; then let the ſtopple be taken out, that 
the water may run in, the phial upon receiving the 
water will preponderate, and bear down the arm of 
the beam from which it hangs; which evidently 
proves, that the parts of water retain their gravit) 
In water, ſo as to preſs and bear down upon thi 
parts beneath them; otherwiſe the phial would not 
become heavier upon the admiſſion of the water. 
From the gravity of the parts it follows, that 
ſetting aſide all external impediments, the ſurface 
of a liquid contained in a veſſel muſt be ſmooth and 
level; for ſhould any part ſtand higher than the 
reſt, it muſt deſcend by the force of its gravity, 
and in ſo doing, ſpread and diffuſe itſelf till 
comes to be on a level with the other parts. As the * © 
gravity of the parts reduces the upper ſutface to a 
level, ſo does it likewiſe occaſion! a preſſure on the 
lower parts, greater or leſs in proportion to their 
depth below the ſurface; each part ſuſtaining a 
preſſure equal to the weight of all thoſe which lie 
above it; whence it follows, that the parts which 
are at equal : depths below the ſurface, are equally 
preſſed, and of conſequence mult be at reſt, contra- 
ry to the opinion of thoſe, who make the nature of 
fluidity to conſiſt in the conſtant actual motion of 
the parts. one among another. Should this equality 
of preſſure at any time be deſtroyed, then indeed a 
motion will ariſe in the parts of the fluid, and con- 
tinue till the preſſure becomes equal again, as may 
appear from the following experiment; whereby 
the truth of what has been ſaid concerning the preſ- _ 
ſure of the ſuperior parts of fluids on thoſe beneath 
them, will likewife be confirmed. ' þ 
i Take 
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* „ Take a glaſs tube open at both ends, LOAF. flop. 


ping ohe end with a finger, immerge e che other in 
water to any depth whatever; upon the immerſion, 
the water will riſe in the tube, but the height to 
Which it riſes; whilſt the upper orifice continues ſtop- 
ped, will be but ſmall; but upon removing the fin- 
ger, it will riſe to the fame height with the water 
1 | ove? 1 8 N 
=_ When the tube i is immerſed, that portion of wa 
3.4 . ter which lies beneath the orifice ceaſes to be equal. 
y preſſed with the other portions that are at the 
lame depth; for that portion bears no other pref- 
ſure than, what ariſes from the ſpring of air includ- 
ed in the tube, (which preſſure is equal, as ſhall be 
ſhewn hereafter, to the preſſure ariſing from the 
weight of the external air) whereas, the other por- 
tions do not only bear the preſſure of the air, but 
like wiſe the weight of the incumbent water; foraſ. 
much therefore, as the portion of water which lies 
beneath the orifice, 1 18 preſſed down leſs forcibly than 
the adjacent portions, it muſt give way and riſe in 
the tube; but the height to which it riſes, whilſt the 
upper orifice of the tube continues ſtopped, can be 
Hut ſmall; becauſe, as the water Thich, it compreſſes 
the air in the tube, and thereby. ſtren ogth ens its ſpring, 
o as to make it preſs with greater force; and when 
the air is ſo far compreſſed by the riſing water, as 
that the force of its ſpring, added to the weight of : 
the elevated water, makes the ſame preſſure on that R 
portion. of water which lies beneath the orifice, as 
the joint weight of the atmoſphere and external 
water does on the other portions, which are at the 
ſame depth with the former, then the water ceaſes 
to riſe. Upon opening the upper orifice of the 
tube, by the removal of the finger, the compreſſed 
air finding a paſſage thro” that orifice, expands and 
dilates itfelf till it becomes of an equal denſity with 


„The water is tinged of a fine blue pay roar with A 
few grains of Sal Armoniack and Coppef. _ | 
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ing from the condenſation of the air is taken off, 
and of conſequence,' the water which lies benearh 
the orifice 50 

and for that reaſon muſt riſe, and continue ſo to do, 
till the elevated water in the tube gravitates as for- 
cibly on the water beneath the orifice, as the exter- 
nal water does on the neighbouring portions; but 
this it cannot poſſibly do, till it comes to be of an 
equal height with the external water. 

Should a lighter liquid be poured on the external 
water, the water within the tube will riſe yet high- 
er than before; and the height to which it riſes 
above the ſurface of the external water, will be ſo 


much leſs than the height of the lighter liquor we 2 4. f 


the ſame ſurface, by how much the ſpecifick gra 

ty of the water exceeds that of the lighter per; FP 
for inſtance, if the ſpecifick gravity of the water be be 
to the ſpecifick gravity of the lighter liquor, as two 
to one, the height of the water in the tube above the 
level of the external water, will be to the height of 
the lighter liquid, as one to two; becauſe in that 
caſe, one part of water makes an equal preſſure with 
two parts of .the lighter liquid. To illuſtrate _ 
Ip an experiment. 
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eſs preſſed than the adjacent portions, | 
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Let oil of turpentine, whoſe ſpecick gravity is Exp. 3. 


to the ſpecifick gravity of water, as 83 to 100, be 
poured on the external water to the height of eight 
inches and an half, and the water, will riſe in the 
tube to the height of 7 inches and 7; above the le- 
vel of the external water, that is, the heights of 
the water and oil will be in the reciprocal propor- 
tion of their ſpecifick gravities; for 7 and +7 is to 
8 and 2, or, which is the ſame thing, 73 is to 85, 
very nearly, as 83 to 100. | 

"The ſame thing is in like manner confirmed by 
_ following experiment. 


Let one end of a ſmall tube open at both ends, Exp. 4. 


be immerſed i in mercury contained in a larger tube, 
and 
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— larger tube to the height of za inches; the mercu- 
ry will riſe in the ſmaller tube to the height of two 
inches and an half above the level of the mercury 
in the larger tube; ſo that the height of the mer- 
cury in the ſmaller tube above the level of the mer-. 
cury in the larger, will be to the height of the wa- 
ter above the ſame level in the reciprocal proportion 
of their ſpecifick gravities; for 24 is to 34, as 1 to. 
13, which numbers expreſs the proportion of the 
ſpecifick gravity of water to that of mercury. 

The preſſure which the lower parts of a. nid 
ſuſtain from the weight of thoſe which lie above 


rections, and that equally; or in other words, what- 
ever be ihe force where with a drop of any liquid is 
preſſed downivard by the weight of the incumbent 
liquid, with the very ſame force is that drop preſſed 
upward,” as alſo laterally and obliquely, 44 in 2 
word, in all kind of directions whatever; otherwiſe 
the drop, which from the nature of fluidity, readily 
yields and gives way to any impreſſion, muſt by 
reaſon of the preſſu re from above mave out of its 


Aàtrops all around it being equally preſſed from above, 
ddqoq on all ſides reſiſt the motion of that drop, with 
the ſame force that it endeavours to move; conſe- 
quently, the drop muſt continue at reſt, and be 
preſſed on all ſides with the ſame force that it is 
from above; and what has been thus proved of one 
drop, is in like manner demonſtrable of all the reſt; 
and therefore, the preſſure on the lower parts of a 
liquid exerts itſelf equally every way, as ww: + 
pear from the following experiment. 
Let four tubes open at both ends be immerſed in 
water to the ſame: depth, their upper orifices being 


Exp. 5. 


ed, as that the water in entering may move directiy 
ard in one, and directly downward in another, 
2 ee 


12er and let water he poured upon the * in the 


them, exerts itſelf 1. way in all manner of di- 


place; but this it cannot poſſibly da, becauſe the 


firſt topped, and let the lower orifices be ſo ſituat- 
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obliquely in a third, and horizontally inthe fourth ; 


upon opening the upper orifices, the water will riſe 
in all of them to the fame height with the external 
water, as being preſſed in the ſeveral directions with 


1 


Aa force equal to the weight of the cio | 


From the preſſure of liquids upwards it is, that 
ſolid bodies ſpecifically lighter - than liquids, are 
made to aſcend when immerſed therein. For when 


a ſolid body is immerſed in a liquid, it preſſes that 


part of the liquid whereon it reſts, with a force equal 
to the weight of a column compoſed of the body it- 
ſelf, and that portion of liquid which lies upon it; 
and the water preſſes upward againft the body, with 
a force equal to the weight of a like column of the 
liquid alone; which force, inaſmuch as the liquid 
is heavier than the ſolid, muſt overcome the force 
. wherewith the body preſſes downward, and of con- 


ſequence, the body muſt riſe with the difference of 


thoſe forces; as ſhall be ſhewn more fully in my 
next lecture. If by any contrivance the preſſure of 
the liquid from beneath can be taken off, a body 
tho' ſpecifically lighter will not riſe in a liquid, 
but remain immerſed, as in the following experi- 
ment. 7 SO . | ChE 
A braſs plate being joined to one end of a cylin- 
drical piece of wood, and another plate of the ſame 
ſize and ſhape being fixed in water; let the cylin- 
der be totally immerſed, and let its plate be laid 
upon the other in ſuch a manner, as that no water 
may get between; the cylinder tho' ſpecifically 
lighter will remain beneath the water, being preſſed 
don by its own weight and that of the incumbent 
water, whilſt the contrary preſſure of the water from 
beneath, is kept off by means of the plate whereon 
the cylinder reſts. | 15 
As bodies ſpecifically lighter than liquid, ate 
forced up, on account of the preſſure from below 
being greater than the force wherewitk the bodies 
ro | | 8 q __ © prels 


Exp. 6. a 


— 
* . Tons. # „re r — wt; * .. — RET” . 3 * * = r " _ . 
CT — I ee ES es . 6 


* R F 3 
r 1 * W oo 
. FJ ** * 
, . * 


b 


LIZer. 
XII. 


EX VO 


as 


0 HYDROSTATICKS. 


preſs downward ; ſo on the other hand; bodies ſpe- 


cifically heavier muſt fink, becauſe the force where- 
with they preſs downward exceeds the preſſure from 


beneath which oppoſes their deſcent; and the force 


wherewith they deſcend is . to the difference of 
thoſe forces; as ſhall likewiſe be ſhewn in my next 


lecture. If by any contrivance thoſe two forces 


can be reduced to an equality, then the bodies will 

not deſcend, but remain ſuſpended in the liquid; 

as in the following experiment. 
Let a braſs plate, whoſe ſpecifick gravity is to 


that of water, as 9 to 1, be adapted to the neck of 


2a glaſs veſſel in ſuch a manner, as that being im- 


merſed in water no part of the water may get up- 


on its upper ſurface; let it then be immerſed to the 
depth of nine times its own thickneſs, (that is, to 


the depth of 2 inches and e, the thickneſs of the 


plate being ge of an inch) and it will remain ſuſ- 


pended; but upon pouring ever ſo little water upon 
itz upper ſurface, it will immediately deſcend and 


fall to the bottom. | 


The plate being immerſed to the depth of nine 


times its own thickneſs is preſſed upwards by a force 


equal to the weight of a column of water, whoſe 


height is nine times as great as the thickneſs. of the 
plate; which weight, inaſmuch as the ſpecifick gra- 
vity of the water is to that of the plate, as 1 to 9, 
is equal to the weight of the plate, that is, to the 


force wherewith the plate prefles downward; for as 


none of the water lies on its upper ſurface, it can 
preſs downward with no ather force than what ariſes 
from its own gravify; conſequently, in this caſe, 


the force which reſiſts the deſcent, is equal to the 


force which promotes it, and of courſe, the plate 


muſt remain in its place. When a little water is 


poured on the plate, the weight of that added to the 
weight of the plate, overcomes the reſiſting force 


of the water, and cauſes the plate to deſcend. Should 
the plate be immerſed to twice the former depth, 
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it will not deſcend tho? loaded with water to the 


height of nine times its own thickneſs; for as in 


this caſe, the depth to which it is immerſed is 


double the former, ſo likewife is the force where- 
with the water preſſes upward; conſequently, that 
force is ſufficient to ſupport twice the weight of the 


plate, and therefore will ſuſtain the plate when load- 
ed with water, to the height of nine times its own- 


thickneſs, ſuch a quantity of water being juſt equal 


1 


If by pouring on more water, the force where- 


with the plate preſſes downward be increaſed, or by 


raiſing the plate nearer to the ſurface of the water, 
the force 25 
miniſned, the plate will fall to the bottom; and on 
the other hand, if by immerſing the plate to a 
greater depth, the preſſure of the water upward be 


erewith'the water preſſes upward be di- 


increaſed, the plate will be thruſt upward againſt 


1 and would actually aſcend were it not 


hindered by the glas. 


From what has been faid it follows, that if S be 
put to denote the number expreſſing the ſpecifick 


gravity of the plate, that of water being unity; D 
be the depth to which the plate is immerſed ex- 
Pen in, the thickneſs of the plate, and H the 

eight of the water upon the plate expreſſed likewiſe 
in the thickneſs of the plate; D muſt be equal to the 


ſum of Sand H in all caſes where the plate remains. 


ſuſpended; and if there be no water upon the plate, 


then Dand 8 muſt be equal; wherefore if in the 
former cafe, D be greater than S and H taken to- 
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gether, or in the latter, than S alone, the plate will 


aſcend if not hindered by the glaſs; and on the 
other hand, if D be leſs, the plate will deſcend and 


fall to'the bottom. F PD e 
The preſſure which the bottom of a veſſel ſuſ- 
tains from a liquid contained in it, whatever be the 


ſhape of the veſſel, is equal to the weight of a pil- 
lar of the liquid, whoſe baſe is equal to the area of 
N O 2 
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Lzcr. the bottom, and whoſe height is the ſame. with tha 
XII. perpendicular height of the Ae e Lens 
— That this is the caſe in veſſels that are equally 
wide from top to bottom ig plain and obvious; in- 
aſmuch as the bottom of every fact 16h does ac- 

tually ſuſtain ſuch a pillar of liquor. But that the 

caſe ſhauld be the ſame in irregular veſſels, is not 

ſo eaſy to conceive; for inſtance, that in a veſſel 
which from a large bottom grows narrower. as it 

riſes, ſo as perhaps at length to be contracted into 

a tube, the bottom ſhould, bear the ſame preſſure 

when the veſſel yas _—_— it ant] were the. 22 
equally wide throughout from bottom to top, ſeems 
firange and ſurpriſing, and et it is what neceſfl- 

ly. follows. from the nature of fluidity ; for that part 

of the bottom which lies directly beneath the tube 
ſuſtains the weight of a pillar of liquor which reaches 

to the top of the tube, the veſſel being ſuppoſed to 

be full, and being preſſed with the weight of that 

pillar, reacts with an equal preſſure on that portion 

of the liquor which touches it; and that preſ- 
ſure. inaſmuch as it exerts itſelf equally in the li- 

quor every way, is propagated laterally thro* the 
ſeveral portions of liquor which are contiguous to 

the bottom of the veſſel; and foraſmuch as this la- 

teral preſſure does in like manner exert itſelf 'equal- 

ly every way, the bottom of the veſſel muſt be 
equally preſſed in every point; conſequently, ſince 

that portion of it which lies beneath the tube, bears 

a preflure equal to the weight of a pillar of liquor, 

whoſe height reaches to the top of the veſſel, every 

other equal portion muſt bear a preſfure equal to 

the ſame weight; and of courſe, the whole bottom 

muſt be preſſed as forcibly, as if the veſſel conti- 

nued of the ſame wideneſs to the top, and was fill- 

TD ed with the liquor. „ e 
Exp. 9. To confirm this by an experiment. Let there be 
Fl 6. two glaſſes open at both ends, and of ſuch ſhapes 
5* '®* ag are exhibited in the two figures, whoſe lower Parts 
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in the laſt experiment; which muſt be fitted to each 
of them ſucceſſively, in order to conſtitute two vel. 
ſels of equal bottoms, but of different capacities; 
and being Oye, let it be immerfed in water, 
as in the laſt experiment, to ſuch a depth, as that 
it will de neceſſary to load it with water in order 
to make it fink; that is, let the depth be more 
than nine times the, thicknefs of the plate, which 
depth muft be the ſame in both cafes ;" let then 
water be'poured on the plate, and let it be obferved 
what height of water is requiſite to force down 


the plate When the wider veſſel is made uſe of, and 


it will be found, that the fame height will ſuffice in 
the narrower veſſel; conſequently, the ſmall pillar 
of water in the narrower veſſel,” muſt preſs the plate 
with a force equal to the weight of a pillar of water 


of the ſame height, and of a baſe equal to the arm. 
of the plate; for fuch a pillar does actually prefs 


the plate in the larger veſſel,” as is evident from the 
bare inſpection of the figures, and the preſſure made 


on the plate in both veſſels are equal, inaſmuch as 


they overcome equal reſiſtances. , , _ 
From what has been ſaid it appears, that where 

the baſe of a veſſel is given, the preſſures upon it 

are as the perpendicular heights of the liquid, what- 


* 


ever be the ſhape of the veffel. And univerſally, the 


preſſure on any baſe is meaſured by the product of 
the area of that bafe into the perpendicular height 
of the liquor above it, without any regard to the 


quantity of liquor contained in the veſſel; fo that 
if we ſuppoſe a hogſhead ſet on one end, and filled 
with a liquor, and a ſmall pipe to iffue perpendicu- 
larly upward from the other end to any height 
whatever, and to be filled with the ſame liquor, 
the bottom will be as ſtrongly preſſed, and be in 
as much danger of burſting: out, as wm. 
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juſt ſufficient to admit the braſs plate made uſe of XII. 
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fo that in veſſels of a conſiderable, height, the lowe 
parts ought to be much ſtronger than the upper, 
that they may be able to withſtand the greater pref- 
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was continued to the ſame height with the pipe, 


and filled with the liquor. eee ee cor 
As the bottom of a veſſel. bears a preſſure pro- 
portional to the height of the liquor, ſo likewiſe do 


thoſe parts of the ſides which are contiguous to the 
bottom; becauſe the preſſure of flujds is equal every 


way. And as the preſſure which the lower, parts of 
a fluid ſuſtain from the, weight of thoſe above them 


exerts itſelf equally every way, and is likewiſe pro- 


portionl to the height ofthe wunden uid, ch 
ſides of a veſſel muſt every where ſuſtain a prefſure 
oportional to, their diſtance from the upper ſur- 


Res of the liquor. Whence it follows, that ina 


veſſel full of liquor, the ſides bear the 


, 


veſſel full of the ſid | iet Dro 
in thoſe parts next the bottom; and t 
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IN: this lecture I ſhall explain to you that part of 


HYDROSTATICKS which is of uſe in diſcovering 
the den/itigs, and fpecifick gravities of bodies. 
The DznsITyY.,of any body is meaſured by the 


proportion which its quantity of matter bears to its 


bulk. For the more, numerous the particles of 
matter are in proportion to.'the ſpace which they 


. poſſeſs, the greater is the denſity of the body; and 
the fewer the particles, the leſs the denſity ; where- 
fore, putting D to denote the denſity of a body, 


* 
K Its 


in thoſe. pn bott | that the ſtreſs 
upon the ſides decreaſes with the increaſe of the dil- 
tance from the bottom, and in the ſame proportion } 
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Lite quantity of matter, and M its magnitude, i — 8 | 


in any body is ever'/proportional to, and meaſured 
by, the weight, as I ſhewed in my lecture upon gra- 
vity; if inſtead of the quantity of matter the weight 
of the body be ſubſtituted, and if that weight be 
denoted by W, then Dr; that is, the den. 
ſity is as the weight of the body directly, and the 
magnitude inverſly. WHO COM ESE TO A” 
By the ſpecifick gravity of a body is meant the 
gravity peculiar to that ſpecies of matter, whereof 
the body is a part; and it is meaſured by the pro- 
portion of the abſolute weight to the bulk; which 
proportion in one and the ſame kind of matter, re- 
mains unvaried; and in different kinds as this pro- 
portion is greater or leſs, ſa is the ſpecifick gravity 
which is meaſured by it. Let S denote the ſpeci- 
fick gravity of a body, its weight and magnitude 
being denoted by Wand M as before; then, from 


5 what has been ſaid, ==; and by conſequence 


fince D is likewiſe=., 8 =D; that is, the 
ſpecifick gravity of a body is as its denſity, And 
therefore, by finding out the proportion which the 
ſpecifick gravities of bodies bear to one another, the- 
proportion of their denſities is likewiſe diſcovered ; : 
for which reaſon I ſhall take no further notice of the 
denſities of bodies, but confine myſelf to the con- 
ſideration of their ſpecifick gravities alone. 
When a ſolid body is immerſed in a liquid, it 
preſſes downward, and endeavours to deſcend by - | 
the force of its gravity z but foraſmuch as it cannot 
deſcend without moving as much of the liquid out 
of its place, as is equal to it in bulk, it is manifeſt + 
that it is reſiſted, and as I may ſay, preſſed ward 
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Lier. by a force equal to the weight of ſuch-a portiori of | 
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the liquid as. is equal to it in bulk; conſequently, 


k u 
| ik the fpecifick gravity of the ſolid. be oreater than 


Exp. 1. 


that of the liquid, that is, if the ſolid weighs more 
than an equal bulk of the liquid, the body wilt de- 
frend with a force equal to the exceſs of its gravit 

above the gravity of the liquid; on the other hand, 
if the gravity. of the liquid exceeds that of the ſo· 
lid, the body being as it were preſſed upward by a 
force greater than tiiat whereby it endeavours to go 
down, will aſcend with the difference of thoſe forces, 
that is, with a force equal to the exceſs of the ſpe- 
cifick gravity of the liquid above that of the ſolid; 


When the ſpecifick gravities are equal, the body 


will neither riſe nor fall, but remain ſuſpended at 
any depth; being preſſed as ſtrongly upward bythe: 
reſiſting force of the liquid, as it is dounward by 
its own weight. Hence, it follows, that if by any 
contrivance the ſpecifick gravity of a ſolid can be 
varied, ſo as to be one while greater, another leſs, 
and then equal to the ſpecifick gravity of a liquid 
wherein it is immerſed, the body will ſink, or riſe, 
or remain ſuſpended according to the variation o 


its ſpecifick gravity. And this is the caſe in that. 


ludicrous experiment of the little glaſs images in 


water, which are made to deſcend, or rife, or remain 


ſuſpended at pleaſure; the reaſon of which I fhall 
explain to you, after you have ſeen the experi- 
ment. | N Ac 10 

The images being ſet on float on the water, the 
top of the veſſel muſt be covered with:# bladder 
cloſely bound about the neck of the veſſel, to the 
end that the air, which lies upon the furface of the 
water may not force its way out when it is eon- 
denſed by the hand Pr eſſing on the bladder. The , 
Images themſelves tho' lighter, are yet nearly of 
the ſame ſpecifick gravity with the water, and be- 
ing' hollow, are full of air, which by. means of wn ; 
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2 in their heels eommunicates with the air with- Lec. 


When the air which lies beneath the bladder XIII. 


18 1 peel dy the hand, it preſſes on the ſurface of 


the water; and foraſmuch as the preſſure 1 is propa- - 


gated thro? all the water, thoſe portions which are 
contiguous to the heels of the images, are thereby 
forced into the holes, by which means the air with- 
in is eondenſed, and at the ſame time, the weight of 
the images is inereaſed by the additional weight of 
tke influent water. And when ſo much water is 
forced in, as to render the ſpecifick gravity of the 
images greater than that of the water, the images 


deſcerid and fall to the bottom, where they remain 


as long as the preſſure above continues; but when 
that ig taken off by the removal of the hand, the 
condenſed air in the images dilates and expands it- 
ſelf, and in ſo doing drives out the water; upon 


whick aceount the images become ſpecifically light- 


er than the water, and of courſe aſcend: As the 


preſſure on the bladder is greater or leſs, fo muſt the 


quantity of water Which is forced into the images; 


and therefbre, whenever it happens that during the 
aſcent or deſcent of an image, ſuch a preſſure is 
made as fuffices'to force in juſt as much water as is 


requifite to reduce the image to the fame ſpecifick 
gravity with the water; the image ſtops and remains 
ſuſpended,; upon increaſing the preffure it deſcends, 


and aſcends if the ſame be leſſened. Some of the 


images begin to deſcend ſooner; as alſo to riſe later, 
than others, for. one or both” of theſe reaſons; firſt, 
becauſe ſome are ſpecifically heavier than others; 


and ſecondly, becauſe” the cavities in the legs are 


greater in ſome images in proportion to their mag- 
nitudes, than they are in others; upon both which 


accounts, a leſs. preſſure is requiſite to make ſome 


deſcend," and to keep them down, than what is ne- 


ceſſary'to' produce the ſame" effects in others. For, 


1 let us ſuppoſe | the Tpectfick gravities of two 
images 


ſooner. * i art are er. 158 4 . 
From what has been ſaid it follows, that if the 
proportion which the cavity in the legs bears to 


V * 
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than, the latter, and of courſe mult deſcen 
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the ſpecifick 2 of the image is, the more apt; 
it will be to deſcend ; conſequently, in this caſe the , 
aptitude or promptneſs of an image to deſcend is 
proportional to, and may be expreſſed by, the ſpe- 

cifick gravity. In like manner, if the ſpecifick 
gravity be given, the greater the proportion is which 
the cavit yy To the leg bears to the magnitudeof the 
image, the more apt the image is to deſcend; and 
therefore in this caſe, the aptitude is proportional 


to, and may be expreſſed by, the cavity applied to 


the magnitude of the image. But if neither the 
ſpecifick gravity of the image, nor the proportion 
of the cavity to the magnitude of the image, be 


| Pee the aptitude of an image to deſcend, is as the 


ſpecifick gravity into the cavity applied to the mag- 
nitude of the 1 2 Soon that is, putting A to denote 
the aptitude, 8 the ſpecifick gravity of the i image, 
C the cavity in the leg, (the height whereof is al- 
ways ſuppoſed. to, 1 5 given) and M the magnitude 


of the image A=} oF or, ſubſtituting the abſo- 
lute weight of the i image applied to its magnitude, 


Leer. 
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in the room of the ſpecifick gravity, A= N. 3 


that i is, the a titude an image has to deſcend, is'as 
the weight. ap 

N and the ſquare of the image” 8 magnitude 
1nveruy tg ; - 

A "lid fpecifically besser than i liquid, being 
immerſed therein, loſes as much of its weight as is 
the weight of a portion of the liquid equal to it 1 in 
bulk; Fa it has been already ſhewn, that a folid is 
carried down in a liquid by the exceſs only of its 
gravity, above the gravity" of a portion of the li- 
quid equal to if in bulk; conſequently, the other 
part of its gravity is loſt, as to any effect it has on 
the body itſelf ; as will appear from the We 
Frperiment. WINS ay TR 6 
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the image into the cavity of the leg 
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Let a ſmall cylinder of braſs, ſulpended at one 
end of a balance and counterpoiſed, be immerſed 
in water; upon the immerſion it will become light- 


er, ſuppoſe by 200 grains, which is the weight of 


as much water as is equal in bulk to the cylinder; 
for a cylindrical veſſel, juſt large enough to contain 
the oder: being hung at one end of a balance 
and . poiſed, and then filled with water, preponde- 
rates with the weight of 200 grains. 

Since a folid when immerſed in a liquid, 1ofeh 
as much of its weight, as is equal to the weight of 
a portion of the liquid of the ſame dimenſions with 
the folid, it follows that all bodies whatever, whoſe 
magnitudes are equal, however different their. ſpe- 
cifick gravities may be, do ſuffer an equal loſs of 
weight in the ſame liquid. Thus a cylinder of 
block-tin, equal i in Amen to the braſs cylinder, 


but ſpecifically, lighter, being immerſed in water, 
| loſes 200 grains, as did that of braſs.” _ 


Tho? a ſolid loſes part of its weight when im- 


N werſeg ! in a liquid, yet it muſt not be imagined that 


the weight ſo loſt by the ſolid, is actually ſtroyet, 
but that it is imparted to the liquid, the liquid con- 
ſtantly gaining in weight what the ſolid loſes. For 
if the veſſel with the water wherein the cylinders 
were immerſed, be put into a ſcale and poiſed; up- 
on the immerfion of either cylinder, it will prepon- 
derate with the weight of 200 grains, which | is what 
the cylinder loſes. | 

Solids equal in weight, but of different ſpecifick 
gravities, bein immerſed in the ſame liquid, ſuffer 
loſſes of weight reciprocally proportional to their 
ſpecifick gravities ; for as the lots of weight 2 
any body ſuffers in a a liquid, is equal to. the weig 


of as much of the liquid as is equal in bulk to 


ſolid, the loſs ſuſtained is ever proportional to the 
magnitude of the body; whatever proportion there- 
fore the magnitudes of bodies have to one another, 
the ſame will the lofſes of weight have which a ; 
= 0 ets . 
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ſuffer ; but the magnitudes of bodies equal in weight, Lor 
but of different ſpecifick gravities, are to one àano- III., 
ther in the reciprocal proportion of their ſpecifick 
gravities; conſequently, fo are the loſſes of weight 
which they ſuffer. Which is confirmed by the 
following experiment. „ 
Let two cones, one of lead, the other of tin, Exp. 5. 
whole ſpecifick gravities are to one another, as 112 
to 74, and the weight of each 400 grains, be im- 
merſed in water, after the manner'of the cylinders; 
upon the immerſion, the lead will loſe 35; grains, 
and the tin 54; but 35g is to 54, as 74 to 112, 
that i. reciprocally as the ſpecifick gravities of the 
metals. 5 5 1 
From the loſſes of weight being reciprocally pro- Exp. 6. 
portional to the ſpecifick gravities, it follows, that 
if two bodies of different ſpecifick gravities, which 
balance each other in air, be immerſed in water or 
any other liquor, the equilibrium will be deſtroyed, 
and that which has the greateſt ſpecifick gravity will 
deſcend; as will appear, by hanging the cones, one 
at each end of a balance, and then immerſing them 
in water, for the lead will preponderate, | 
The ſpecifick 2 of a ſolid ſpecifically hea- 
vier than a liquid, is to the ſpecifick gravity of the 
liquid, as the abſolute weight of the ſolid, to the 
loſs of weight which it ſuffers in the liquid; for the 
ſpecifick gravities of bodies being as the abſolute 
weights applied to the magnitudes, - where the 
magnitudes are equal, the ſpecifick gravities are di- 
rectly as the abſolute weights; if therefore we com- 
pare the ſolid with a quantity of the liquid equal to 
it in magnitude, their ſpecifick gravities muſt be as 
their weights; but the abſolute weight of ſuch a 
8 quantiey of the liquid, is equal to the loſs of weight 
uſtained by the ſolid; conſequently, the ſpecifick 
. gravity of the ſolid, is to that of the liquid, as the 
whole weight of the ſolid, to the loſs which it ſuſ- 


tains in the liquid. 


£- + 


Hence 
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Lect. - Hence we have a method of diſcovering the ſpe- 
XIII. Cifick gravities of ſuch ſolid bodies as are heavier 

" © than water; I mean, of diſcovering the proportions 
of their ſpecifick gravities to the ſpecifick gravity 
of water, For if we ſuppoſe the ſpecifick gravity. of 
water to be unity, and put L to denote the loſs of 
weight which any body, whoſe ſpecifick gravity we 
look for, ſuſtains in water, and itswhole weight, 


then L: W: : 1: T; conſequently, I expreſ- 


"| 


ſes the ſpecifick gravity of the ſolid, that of water 
being unity; and therefore,” i r to know the 
ſpecifick gravity of any ſolid hea. than water, 
nothing more is requiſite, but to diſcover the quan- 
tities denoted by W and L, and to-divide the firſt 
by the laſt; the firſt is had, by taking the weight 
of the body in air, and the laſt, by taking the weight 
in water, and ſubducting it from the weight in air; 
for the remainder is the loſs of weight, which di- 
viding the weight in air, gives a quotient expreſſing 
Exp. 7. the ſpecifick gravity of the body. To apply this 
to a particular caſe, let it he propoſed to diſcover 
the ſpecifick gravity of a piece of tin, which being 
weighed in air, is found to be 300 grains, and in 
Water, 2594, which being ſubducted from the for- 
mer, leaves 403 for the loſs of weight; ſo that in 
this caſe, W denotes zoo, and L 403; and there- 
fore, dividing 300 by 403, we ſhall have 7; for 
the ſpecifick gravity of tin, , that of 'water. being 
unity. Whence it appears, that tin, bulk for bulk, 
is more weighty than water, in the proportion of 
74.0 16. | 2 2 25 0 . 

III the body, whoſe ſpecifick gravity is required, 
be lighter than water; then, foraſmuch as its gra- 
vity is not ſufficient to cauſe a total immerſion, the . 
'loſs of weight which it+ſuffers in water cannot be 
found out by weighing it alone in that liquid; let 
it therefore be joined to ſome other body fo weighty, 
that the compound may fink; but firſt ler the _ . 
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of weight which the compound ſuſtains be likewiſe 
diſcovered, whence deducting the loſs of weight 
ſuſtained by the heavier, the remainder will exhibit 
the loſs Tuſtained by the lighter; conſequently, di- 
viding the weight of the lighter by that remainder, 
the quotient will expreſs the ſpecifick gravity re- 
quired; that is, putting W for the weight of the 
body whoſe ſpecifick gravity is ſought, L for the 
loſs of weight ſuſtained by - the compound, and 


1 for the loſs ſuſtained by the heavier body — 


expreſſes the ſpecifick gravity of the body. To 
apply this to a particular caſe; let the weight of a 
piece of wood ſpecifically lighter than water be 
220 grains, and let it be joined to a piece of tin of 
160 grains, whoſe loſs in water is found to be 17 
grains; then the compound being weighed in wa- 
ter, will de found to loſe 334 grains; ſo that in 
this caſe, W is equal to 220 grains, L to 334, 

and I to 17; and I. leſs l, is equal to 317 grains. 
And therefore, dividing 220 by 317, we ſhall 
have roc for the ſpecifick gravity of the wood, 
that of water being unity. So that that kind of 


wood is bulk for bulk lighter than water, in the 


* 


proportion of 664 to 1000. | 
OY 


the body whoſe ſpecifick gravity is ſought be . 
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of weight which the heavier body alone ſuſtains in Lecr. 


water be found out, as before; and then let the loſs XIII. 


| — 


diſſolvable in water, then inſtead of water, let ſome 


other liquor be made uſe of, which will not diffolve 85 
the body; and let the proportion of the ſpecifick 


ravity of the body to the ſpecifick gravity of that 
iquor, be diſcovered by the foregoing method; as 


alſo the proportion of the ſpecifick gravity of that a 
liquor to the ſpecifick gravity of water, by the me- 
thod which ſhall be ſhewn preſently. Then in what- - 


ever proportion the ſpecifick gravity of the liquor ex- 
ceeds or falls ſhort of the ſpecifick gravity of water, 
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Leer. in ihe ſame proportion let the ſpecifick gra y of 
| 5545 the body with regard to that of the liquor be in- 
>" .creaſed or Sed, and it will: give the ſpecifick . 
gravity of the body with reſpect to that of water; 

that is, if we put A for unity or the ſpecifick gra - 

vity of water, B for the ſpecifick gravity' of the 

other liquor, and C for the ſpecifick gravity of the 

47h with regard to that liquor; then by faying, as 

A is = B, ſo C to a fourth proportional, we #hadl 


have = 5 - for the ſpecifick gravity of the body with 


refpett to that of water ; or rejecting the diviſor * 

being equal to unity, and putting 8 for the ſpecific 

| vity of the body with reſpect to water, we ſhall 

Exp. 9. have S=BC. To apply this, let the ſpecifick gra- 

vity of Roman-vitrio] be required; let the weight 

of a piece in air be 67 grains, and in ſpirit of wine 

41 grains; conſequently, its loſs of weight in he 
ſpirit is 26 grains, which dividing -65,. give 

2.576 for the ſpecifick gravity of the vittiol + 

regard to the ſpecifick gravity of the ſpirit, which 

in this caſe is ſuppoſed to be unity; but the ſpeai - 

fick gravity of the ſpirit with regard, to that of wa- 

ter is leſs than unity, being only e as ſhall be 

ſhewn preſently ; wheret2ge B 18=0, 87, and. C 

is. 576 conſequently 2.24, which is the pro- 

duct ariſing from the multiplication of thoſe two 

numbers, expreſſes the ſpecifick gravity of Roman- 

vitriol with reſpect to that of water, which is as 

unity; and therefore in whole numbers, the ſpe- 

cifick gravity of Roman-vitriol exceeds that of - 

water, in the proportion of 224 to 100. | 

__ ſecifck gm of liquors are diſconeped 

by taking the loſſes of weight ſuſtained by one and 

the ſame ſolid in the ſeveral liquors ;- for ſince the 

loſs of weight in each liquor, is equal to the weight 

of as much of the liquor as is equal in bulk to the 

ey 3 ; by taking the 4. of — ſuſtained by 


| the 
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oa 727 body. in the. ſeveral, liquors, at Fm the. Liar, © 
abſplute. weights of ſuch, portions, of thoſe liquors — 2 


as are. equal in bulk ; and by conſequence, . the Tpe-. 
cifick. gravities of the, liquors, the ſpecifick. gravi- 
ties of bodies equal in bulk, being! o one another. 
ag their abſolute weights; .wherefore putting - 1. 
toy the; loſs. 95 weight Nh a: body 1 8 5 in wa 
| oh. an litt 55 for the 1 05 of weight ſu ſtained b 1 


the 12565 1 in amy other. 1 2 K ; He oy, fay- 
i 


ſp, unity to. a, fourth term, We 
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as Wer Tor tde ſp Peelfek g e of "the." "other 


liquor, that of water bein ing unity 0 chit to difco- 4 


ver the ſpecifick'y rravity any liquor, wehave' no- 
thing mote te Ads. bur” 6 Welgh. one and the ſame 
ſolid dect in the ti uor whole quantiy is ſought, 
and in water and to divide the lols of weight which 
the ſolit/Kiffers in the Hquor, by the ſoſs which it 
ſuſtains · in Water ; for the qtiotient will expreſs the 
 ſpecifiek gravity of the liquor. t glaſs bubble, 


whoſetwerghe' in air is 05 grains, being weighed Erp. 10. 


in water? is found to loſe 641 grains, and 5 58 in 
ſpirit of wing; and therefore, dividing 5 58 by 641, 
we ſhall have 4 quotient gf 0. 87 for the ſpecifick 
gravity of the ſpirit, that ok water being unity. Af 
When a body ſpecifically lighter [thin a liquid, 
is ſet to float upon it, the part immer ſed is equal in 
bulk to © portion of the liquid whôſe weight is equal 
to the weight of the whole body; for ſinee the bo- 
dy ſinks in part, by moving ſome of the liquor out 
of its place, and ſince the weight of the body is the 
power which moves the liquor, the body muſt con- 


tinue to ſink, till it has removed as much of the li- 
quor as is equal to it in weight; conſequently,” the 


part immerſed muſt be equal i in magnitude to ſuch 
a portion of the liquor, as is equal in weight to the 
whole body; which is abundaritly confirmed * te 
iellowing experiment. 


R _ A ball 


Y 


216 13 Or HYDROSTATICKS, | | 
Lzecr. A ball PL ear-tree, a wood f. ificall li ter 
ilk. char water.” being fer to float on water Suat en tn 

F 11. glaſs veſſel, let the veſſel be placed in a ſcale and . 

. counterpollel ; then, taking out the ball, let the 
veſſel be filled up with water to the ſame help ht at 
which it ſtood when the ball was in it, and the ſame. 

we 0 will counterpoiſe it as before. 

m the veſſel's being filled up to the ſame heig bt 
at which the water ſtood when the ball was 8 it 
is manifeſt, that the quantity poured in is equal in 
magnitude to that . of the ball which was im- 
merſed; and, from the ſame weight r 
ir is evident, that che water poured in, is . 8 de 
weight to the whole ball. „ 4nd. 

Ihe part immerſed i is to the whole, od 4 as the. 
ſpecifick gravity. of the body to the ſpecifick gravity, 
of the liquid; for the ſpecitick gravities of two bo- 
dies, being to one another as their abſolute weights.” 
N o their i we if their ; weights: be: 

ual, th eir magnitudes, are in the reciprocal , 
of theit ſpecifick gravities; ſince therefore, fuch a 
portion of the liquid as is equal } in magnitude te the 
immerſed part of the ſolid; is likewiſe equal in 
weight to the whole ſolid ; the magnitude of the 

| immerſed part is to the magnitude o the whole bo - 
dy, as the ſpecifick f ravity of the ſolid to the tpe- 
cifick gravity of the liquid. 

When the ſame body is ſet to float luce heey i in 
lifferent liquors, the parts immerſed are to one ano- 
her in the E proportion of the ſpecifick 
gravities of the ſiquors. For the body deſcends in 
each liquor, till the part immerſed takes up the 
room Jn 0 much liquor as is equal i in weight to the 
whole body; and therefore, ſuch portions of the 
| ſeveral liquors as are equal i in magnitude to the 
immerſed parts of the body have all equal weights; 
but the magnitudes of bodies equal in weight, are 

to one another reciprocally, as their ſpecifick | 
vities ; conſequently, in one and the ſame body 
floating 


S. 2. 
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floating in different —— aan - im erſed are 
ning As the e e un liquors. 
On this princi} ple is. founded the HYDROMETER 3 
Which is hollow” plaſs ball, with a ſmall hollow 
ſtem of about $ or inches in (eng, , Oppoſite to 
which, on the other fide 'of the all, adheres a 
Imaller ball filled. 167 t with mercury, or ſome 


other wei ee o the intent, that when the 
Tel is - oat in e, or any other liquor, the 


* . on 
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Lecr. | 


ſtern may de kept uppermoſt,” and in a poſition per- 


fan ti to the firfacs of the liquor; and at the 

Renee "that the machine ma oy be fo far immerſ- 

13 the ſtem only, or ſome part thereof, 
bac! main above the liquor: the ſtem being gra- 

duated from top to bottom, has numbers annexed 

to every degree, expreſſing the magnitudes of the 

which ne bebw!ithe' feveral degrees. 
"The: uſe of this little machine is to diſcover the 


8 gravities of liquors, which is done in the 
her 


3 the degree to which it ſinks. muſt be 
2 5 BY. the number thereto annexed then 


which with the number nd; muſt like- 


it ſinks, wit 
Wie 2 noted ; for as th number is to the former, 
fois: the 1 15 vity water, to that of the 
other liquor,” as is eyident from what was juſt now 
_ 10 illuſtrate in the caſe of water and ſpi- 
t of wine. The hydrometer being Urbpt into wa- 


HALLS Tue bydrometer ing firſt ſet to- 


FO ſet to float in ay other liquor, the degree to 8 — 


Exp. 13. 


= ſinks to the degree whoſe number annexed is 


874 and being dropt into ſpirit of wine, finks to the 
rey 19 75 number is 100; whence It appears, 
dan ſpecifick 71 of water iz te to chat of ſpi- 


rt of whey as 109 to Ap 2 
 "2Yho" "bydrometers” may be uſeful in diſcovering 


the ſpecifick gravities, o 5 for. 1ole'! and inac- 
curate computations, yet 
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an IR 5 ander plates of an ü f 
ceedingly an thickne 8, it 3s is; ante . TR 0 
ever be the foree of gravity ity, wherewith t upper- 
moſt plate preſſes upon the ſe fer cond, the a preſ- 
the third 
upon the fourth. with A triple force, and Joon; ſo 


aa the plate Which is * the orifice is preſſed 
downward 


" EC ET .---#. 00 


No - = 


en 


RAO ROM 


Or | HYDROSTATIORS. 


downward by the joint gr ravities of the ſeveral plates 
which lie above it, and” ikewiſe by the force: of its 
own gravity, inaſmuch a chere is no other plate 
beneath it whereon to reſt; conſequently, from its 
own gravity, and that of the ſeveral plates aboye it, 
it does all at once receive as many equal impreſſions 
from gravity, as it would ſucceſſively in fallin, 

down the height of the water; and of courſe, 101 
paſs thro” the orifice, with the ſame velocity that it 
would acquire in falling down that height; but 1 
proved in my lecture upon gravity, that the velo- 
city which a body. acquires in falling thro' any ſpace, 
is as the ſquare root of the ſpace; conſequently, 
the velocity wherewith the water flows out, is as the 


22 
> 
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AC. 
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ſquare root of the begs: of the water above the 


orifice. _ 
To confirm this by! an experiment; 3 Tet there be 


two veſſels in all things alike, excepting that one is 


four times as tall as the other, the height of one 
being 20 inches, and of the other 5; let each of 


them have a circular orifice i in the bottom, a fifth 


part of an inch in diameter.; and being both filled 
with water, let them be ſet a running, and let the 
water be ſupplied as faſt above as it runs out below; 
the taller veſſel will diſcharge about twenty-one 
ounces in the ſpace of a quarter of a minute, and 
in the ſame time the ſhorter will diſcharge about 
11 ounces, Now, foraſmuch as the orifices thro? 


which the water flows are equal, and likewiſe the 
times of the flux, the quantities diſcharged are *as 


the velocities ; conſequently, the velocity wherewith 
the water flows out of the taller veſſel, is to the 
velocity wherewith t flows out of the ſhorter, as 
21 to 11, that is, n 18 as 2 to t, which are the 


ſquare roots of the heighits of the water above. the 


orifices. 
As the preſſure ſuſtained by the lower parts of 
water from the weight of thoſe above, exerts = 
ou * 


8 * 
od 
— 
— 


1 


Exp. 1. 
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| Lyer. ſelf with the ſame force laterally that it does down: 
XIV. ward, it matters not whether the orifice through 


3 


which the water flows, be at the bottom or ſide of 
a veſſel; for the water will flow out of both with 


the ſame velocity, provided they are at equal depths 


Exp. 2. 


Pl. 6. 
Fig. 12. 


below the upper 


urface of the water; and there- 
fore, the velocity of water flowing out of an orifice 
in the ſide of a veſſel, is as the ſquare root of the 
height of the water above the orifice; as will ap- 
pear, by repeating the laſt experiment with veſſels 
whoſe orifices are in their ſides; for the quantities 


diſcharged will be the ſame as before. 


From what has been ſaid it follows, that if an 
orifice in the ſide of a veſſel be ſituated as far above 
an horizontal plane, as it is below the upper ſurface 
of the water, the water will ſpout from that orifice, 
to the diſtance of twice the height df the orifice 
above the plane. For inſtance, if AOBC be a veſ- 
ſel full of water, O an orifice in the ſide, whoſe 
height OD above the horizontal plane D H, is equal 
to OA, the diſtance of the orifice from the top of the 
water; D H the horizontal diſtance to which the 
water ſpquts, will be double of OD, the height of 
the orifice above the plane. For the ſpouting wa- 
ter has two motions, one uniform from the preſſure 
of the water in the veſſel, in the direction OF per- 
pendicular to the orifice, the other accelerated from 
the force of gravity in the direction O D perpendi- 
cular to DH ; which two motions do by no means 
hinder one another, but by their combination cauſe 


the water to ſpout in the curve of a parabola. Now, 


the velocity wherewith the water moves in the di- 
rection OF, being equal to the velocity 5 wide by 
a body in falling from A to O, or from O to D; 


in the ſame time that it falls from O to D, and by 


ſo doing, reaches the horizontal plane, it will be 
carried in the direction QF, thro? a ſpace equal to 
twice OD, (inaſmuch as all bodies whatever that 

| move 
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is acquired by a body in falling in thro? any height 
do in the ſame time with that of the fall, deſcribe 


a ſpace double of that of the fall); conſequently, 
the horizontal diſtance to which the water ſpouts, 


will be equal to twice the height of the orifice above 
the plane. Thus, from an orifice in the ſide of a 
veſſel, the depth whereof below the ſurface of the 
water is 20 inches, the water will ſpout to the diſ- 
tance of 38 inches on an horizontal plane, whoſe 


diſtance below the orifice is likewiſe 20 inches; and 
where the depth of the orifice below the top of the 


water is 5 inches, the water will ſpout to the diſ- 
tance of 9+ inches an an horizontal plane ſituated at 
the diſtance of 5 inches helow the orifice ; ſo that 
in both caſes the diſtances to which the water ſpout, 
are nearly double the diſtances of the planes below 


the orifices; and they would be exactly double, 


were it not that the water is retarded a little by the 
oppoſition it meets with from the air. 

The diſtances to which water ſpouts on an hori- 
zontal plane, from orifices in the ſides of different 
veſſels, the orifices being at equal heights above the 
plane, are to one another as the ſquare roots of the 


heights of the water above the orifices. 


ar ſince the orifices are at equal heights above 
the plane, the times of the deſcent of the water 
from the ſeveral orifices to the plane muſt be equal; 
conſequently, the horizontal diſtances to which the 
water ſpouts, muſt be as the velacities wherewith it 
ſpouts ; but thoſe velocities are as the. ſquare raots 
of the heights of the water above the orifice ; con- 
ſequently, ſo muſt the horizontal diſtances. Thus, 
if two veſſels be ſo placed, as that the orifices in 
their ſides ſhall be 20 inches above an horizontal 
plane, the height of the water in one veſſel being 
20 inches above the orifice, and in the other 5; the 


water will ſpout rom the former, to the diſtance 
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of 38 . and from the latter, to the diſtance of 
19 inches; but 38 is to 19, as 2 to 1; that is, as 
the ſquare roots of the heights of the water above 
the orifices, for the heights are aß 4 and 1, 

The diſtance to which water ſpouts from an ori- 
fice in the fide of. a veſſel, whatever be the height 
of the orifice above the plane, as alſo of the water 
above the orifice, may be thus determined; let 
BR repreſent an horizontal plane, F an orifice in 
the ſide of a veſſel at any height above the plane, 
and -AB the height of the upper ſurface of the wa- 
ter above the plane. On AB as a diameter, de- 
ſcribe the ſemicircle ADB, and at F ſet off FE 
perpendicular to AB, and meeting the circle in E. 
The diſtance to which the water ſpouts onthe plane 
BR from' the orifice F, is proportional to the line 
FE. 

For, from the nature of motion, the ſpace de- 
ſcribed, is as a rectangle under the time and velo- 
City ; but in this caſe, the time of the motion is as 
the ſquare root of FB, and the velocity wherewith 
the water ſpouts, is as the ſquare root of AF; con- 
ſequently the ſpace thro* which the water runs in 
the horizontal direction, is as the ſquare root of the 


rectangle AFB; but by the nature of the circle, 


the ſquare root of the rectangle AFB is equal to 
FE; conſequently, the horizontal diſtance to which 
che water ſpouts on the plane BR from the orifice. 
F, is as FE. 

Hence it follows, that the diſtance to which the 
water ſpouts, 1s as the ſine of the arch AE, whoſe 
verſed fine AF is equal to the height of. the water 
above the orifice. And, foraſmuch as any two 
ſines, which are equally diſtant from the center, are 
equal, it follows that the water muſt ſpout, to. the 
ſame diſtance from two orifices as F and L, whoſe 
diſtances from the center ate equal; as allo. that 
it muſt Wees to the greateſt diſtance from a an orifice 

in 


eren eee eee e "> eee ee 


[nd 


Oy HYDROSTATICKS. 


in » thi center, the fine CD being in that rake equal 
to radius, and conſequently the greateſt. 

To confirm what has been faid; let a veſſel 
whoſe height is 16 inches, and which is perforated 
in the middle, and likewiſe at the diſtance of * 
inches above and below the middle, be filled with 
water, and ſet upon an horizontal plane ; the water 
will ſpout from the middle orifice to the diſtance of 
above 15 inches, and from each of the other two, 

to the diſtance of about 10 inches. > 

All things being ſuppoſed as before, the diſtances 
to which the water ſpouts, ſetting aſide what little 
diſturbance may ariſe from the reſiſtance of the air, 
are equal to twice the ſines of the arches, whoſe 


verſed ſines are equal to the heights of the water 
above the orifices. For, the diſtance to which the 


water ſpouts from the central orifice C, is to the 
diſtance to which it ſpouts from any other orifice as 
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F, as the ſine CD is to the fine FE; but foraſmuch 


as the orifice C is as far diſtant above the plane as 
it is below the ſurface of the water, the diſtance to 
which the water ſpouts from that orifice is equal to 


twice CB, or twice CD; conſequently, the diſtance 


to which it ſpouts from F muſt likewiſe be equal to 
twice FE, and ſo of any other orifice.” 

Water which ſpeuts perpendicularly upward ſets 
out with ſuch a velocity, as is ſufficient to carry it 


to the ſame height with the water in the veſſel from 


which it ſpouts. For the velocity wherewith it ſets 


out, is equal to the velocity acquired in falling down 
the height of the water; and, in my lecture upon 
gravity, I ſhewed, that a body thrown directly up- 
ward riſes to ſuch a height, whence if it be let fall, 
it will by the end of the fall acquire the ſame velo- 
city wherewith it was thrown up ; conſequently, the 
water ſpouts with a velocity ſufficient to carry it to 
an equal height with the water in the reſervoir; 


However, it cannot Abi arrive at that height, 
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by reaſon of the reſiſtance it meets with from the 


the heights of all jets whatever, ſo as to make them 


fall ſhort of the heights in the reſervoirs; beſides, 


the water in the üppermoſt part of the jet, when it 
has loſt all its motion, reſts for ſome time on the 
part next below it, and by its weight obſtructs ang 
retards the motion of the whole column, and there- 
by leſſens its height; and ſo great is the reſiſtance 
ariſing from this cauſe, as that the jet is frequently 
deſtroyed by it, the riſing water being by fits and 
ſtarts preſſed down to the very orifice from which 
VVV : 
By giving the jet a little inclination, the upper- 
moſt parts, when they have loſt their motion up- 
ward, are made to fall off from the reſt, whereby 
the reſiſtance which ariſes from their weight is 
taken off. And this is the true reaſon why, cæ- 


 teris paribus, ſuch jets as are a little inclined, riſe 


higher than thoſe whoſe aſcents are perpendi- 
Cz: | | 
The velocity wherewith water flows out of a cy- 


lindrical pipe inſerted horizontally into the fide of 


a veſſel, is as the ſquare root of the height of the 


water in the veſſel above the place of the pipe's in- 
ſertion directly, and the '{quare root of the length 
of the pipe inverfly ; for ſince the pipe is cylin- 
drical, the velocity wherewith the water flows out 
at one end, muſt be equal to the velocity where- 
with it flows in at the other; but the velocity 
wherewith it flows in, is in the proportion laid 


down; for the preſſure of the incumbent water in 


the veſſel, cannot make the water which lies ne$t 
the orifice flow into the pipe, unleſs at the ſame 
time it drives forward all the water contained in 


the pipe; for which reaſon, the water in the pipe 
may be looked upon as an obſtacle which reſiſts 


and impedes the moving cauſe. Now, where a cauſe 


acts 


* 
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acts under the diſadvantage of a clog or impedi- Laer. 


ment, the potency of ſuch a cauſe is increaſed, either 
by diminiſhing the impediment, or augmenting the 
abſolute ſtrength and vigour of the cauſe itſelf ; 
where the ſtrength and vigour of the cauſe is given, 


the potency thereof increaſes in proportion as the 
impediment leſſens, and leſſens as that increaſes ;_ 


and where the impediment is given, the potency of 
the cauſe increaſes, and leffens in proportion to the 
increaſe and diminution of the abſolute ſtrength and 
vigour of the cauſe; conſequently, the potency is 
in a ratio compounded of the ſtrength or magnitude 
of the cauſe, and of the weakneſs or ſmallneſs of 
the impediment ; that is, it is as the magnitude of 
the cauſe direQly, and as the magnitude of the im- 


pediment inverſly ; or as the magnitude of the cauſe 
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applied to the magnitude of the impediment. Now, 


in the caſe before us, where the preſſure of the wa- 
ter in the reſervoir is the moving cauſe, and the wa- 
ter in the pipe is the impediment, the magnitude 
of the former is meaſured by a rectangle under the 


height of the water, and the orifice of the pipe, 


and the magnitude of the latter by a rectangle un- 


der the orifice of the pipe, and the length thereof; 


or rejecting the orifice as being ever the ſame in 
both, the magnitude of the moving cauſe, is as the 
height of the water, and that of the impediment, 
as the length of the pipe; and therefore, putting 


H for the height of the water in the reſervoir above 


the place of the pipe's inſertion, and L for the length 
of the pipe T will denote the preſſure of the wa- 


ter in the reſervoir, as leſſened by the reſiſtance of 


the water in the pipe; and putting O for the ori- 
fice of the pipe, will expreſs the force which 


drives the water into the pipe; and foraſmuch as 
the motion generated in any time by a force acting 
| | conſtantly 


A 
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Lzcr. conſtantly and uniformly, is as a rectangle under the 


force and time; putting T for the time that the 
HOT 


water continues to flow into the pipe, = 8 will 
be as the motion generated i in the water flowing in- 
to the pipe; but the motion generated in the in- 
fluent water, is as the quantity. which flows in, 
multiplied into the velocity wherewith it flows; 
and therefore, putting Q and V for the quantity 


and velocity, Tis as QV; or, becauſe the 
quantity which flows in, is in a ratio compounded 


of the orifice, time, and velocity; by ſubſtituting 
O, T, V, which denote the orifice, time, and velo- 


— =OTV* ; 


city, in the place of Q, we ſhall have 


and ſtriking out OT from both ſides, = ſhall have 


TV ; conſequently, V is s L; that is, the 


1 wherewith the water A out of the re- 


ſervoir into the pipe, and conſequently, the velo- 
city wherewith it flows out of the pipe, is as the 
ſquare root of the height of the water in the reſer- 
voir, applied to the ſquare root of the length of the 
ipe. 
s 3 it follows, that if the length of the pipe 
be varied whilſt the height of the water in the re- 
ſervoir continues the ſame, the quantities diſcharged 
in any given time, will be to one another Inverſly 
as the ſquare roots of the lengths of the pipe; for 
ſince the diameter of the pipe, and the time of the 


flux are given, the quantities diſcharged muſt be as 
the velocities wherewith they run out, that is, in 


the inverle ratio of the ſquare roots of the lengths 
of the pipe. 

Io confirm this by an experiment; let a pipe of 
16 feet in length, and half an inch in diameter, be 


let 
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June the 21ſt, 1722, I made ſeveral experiments 


concerning the motion and diſcharge of water ird 
pipes, in the following manner. 

There was a reſervoir of 3 feet in height 1 
was kept conſtantly full during the flux of the wa- 
ter; at the bottom was inſerted ee a pipe 
of half an inch in diameter, whoſe: 1 when 
greateſt was 100 feet, but being compoſe of ſeve- 
ral pieces, was capable of being made of ten diffe- 


rent lengths; which lengths were the ſquares of the 


natutal numbers. Into this pipe were inſerted hori- 
zontally (as occaſion was) ten other pipes, each of 


them 6 inches long, and + inch in diameter; the 


places of their inſertion into the main pipe were diſ- 
tant from the reſervoir the ſquares of the natural 
numbers in feet; the axes of the ſmall pipes made 
an angle of 80 degrees, with that of the main pipe; 
the reaſon why they were inſerted in ſuch an angle 
was, that it had been obſerved that the water flow- 
ed out of orifices made in che x main pipe nearly 1 in 


that angle. 15 9 


In Tas. L J. denotes | he = of "NR main 
pipe (the ſmall. Pipes not being inſerted), Q the 
quantity in tre ounces diſcharged in half a mi- 
nute of time, F the time in ſeconds which the wa- 


ter took to flow from the reſervoir to the extremity 
of the pipe, the ſame having been firſt exhauſted. 


In Tas. II. D denotes the diſtance From the re- 
ſervoir, at which the ſmall pipe was inſerted into 


the main pipe; * the quantity in roy ounces diſ- 
charged by the ſmall 2 in half a minute of time, 


the main Pipe rf e Ur 
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In Tas, III. the numbers at the top denote the 
ten {mall pipes, P the main pipe, and the numbers 
below denote the quantities in zroy ounces diſcharged: 
in half a minute of time, by the pipes denoted by 
the numbers directly above them. The blanks de- 
note, that the pipes denoted by the numbers directly 
above them at the top, were ſtopped at the time 
that the others diſcharged. 
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N this lecture I ſhall give an account of the 
weight and preſſure of the air, and of ſomę re- 
markable effects ariſing from it. | | | 
ropes 


Tho? the weight of the air which (| 
is not perceived, by reaſon of the | equal preſſure 
which it makes on all parts of dur bodies; yet that 
it is really heavy appears from hence, that veſſels 
when exhauſted are leſs ponderqus than when filled 
with air. Thus a glaſs bottle, -whoſe-contents are 
nearly 40 cubick inches, being exhauſted by Means 


. 


of the air pump, will be found to ſuffer 'a ſenſible 


loſs of weight; Chen I formerly 'made the 6 * eri- 
ment, the loſs of weight amounted to ten grains; and 


the magnitude of the exhauſted air I found fo be 


. 


34 cubick inches; for upon ,imr erſing the bottle 


in water, and opening the valye which covered the 
mouth, the quantity of water which lowed in and 


poſſeſſed the place of the exhauſted air, amounted 


to 8628 grains, which being divided by 2532] the 
number of grains in a cubick inch of water, {give 
34 in the quotient; ſo that from this experiment it 
is manifeſt, that 34 cubick inches of that air, which 


more immediately ſurrounds us, are equal in ight 


to ten grains; and that the ſpecifick gravity of the 
fame air is to the ſpecifick gravity of water, as ten 
to 8628, or, as one to 8624; the ſpecifick gravi- 
ties of bodies equal in bulk, being to one another as 

. . . 
the abſolute weights of the bodies 
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As the air riſes above the ſurface of the earth, it 


grows rarer, and conſequently lighter; a given 
bulk of air, being lighter at the diſtance of a mile 
than at the earth's ſurface, and lighter again at the 

diſtance 
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yet notwithſtanding this diminution of gravity in 
the ſuperior parts of air, ſo great is the height of the 


_ atmoſphere, as to render the weight of the whole 


. very conſiderable; as will appear from the following 


Let a piece of common glaſs be placed as a cover 


on the top of the receiver; and upon exhauſting the 
air, the glaſs will at firſt be preſſed cloſe to the re- 
. ceiver, and at length broken by the weight of the 


air, which reſts upon it. 


ſtrongly againſt 


” 


| While the air continues undiminiſhed in the re- 
ceiver, it does 12 of its elaſticity preſs as 
lower ſurface of the glaſs, as 


does the incumbent air by means of its weight upon 
the upper ſurface; as thall be ſhewn hereafter; 


conſequently, as long. as the air remains undimi- 


niſhed in the receiver, the weight of the incumbent 
air can have no ſenſible effect on the glaſs ; but up- 
on leſſening the quantity, and therewith the ſpring 


of the included air, the glaſs being no longer ſup- 
ported from below, is prefſed down, and broken 


by the weight of the air above; and for the ſame 
. reaſon, a ſquare glaſs phial when exhauſted cracks 
and flies to pieces. | 


FRY 


From the weight and preſſure of che air on the 


ſurface. of liquors it is, that they are made to riſe 
in exhauſted tubes open at one end, as will appear 


from the following experiments. 


Let a glaſs veſſel with mercury be placed under a 


- 


receiver, and let a tube open at one end be ſuſpend- 


i 
4+ 


VE 
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9 


ed above the yeſſel in ſuch a manner, as that the 
open end may at pleaſure be let down into the mer- 
curry; if then, the air being drawn out of the re- 
ceiver, the tube be let down, the mercury will not 
riſe therein as long as the receiver continues empty; 


but upon re- admitting the air, it will immediately 


"alcend. The reaſon % is, that upon ex- 


auſting 
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Lzer. hauſting the receiver, the tube is Tikewiſe emptied 
kV. of air; and therefore,” When it is immerſed in the 
mercury, and the air retadmitted into the feceiver, 
all parts of the merci 1 are preſſed vpon'by the air, 
except that portion which lies beneath the orifice of 
the tube; conſequently, it muſt riſe in the tube, 
and continue fo to de, till "he "yitight of the 
elevated mercury preſſes as forcibly on cher portion 
_ which lies beneath the tube, as the weight of the 
air does on every other equal portion Without the 
But to proceed to a ſecond experiment of 


FY 


the manner repreſented in the figure. os” filled 
el, let 


| pee are fully let then'the veſſel be inverted; and 
Pl. 6. let 


3 as alſo ſo much 
he 
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By the weight 58 1 of e. air, water xe Ner- 7 

2 - raiſed in common pumps, and fire engines, as, will 2 'F 
appear by conſidering their ſtructures. and the man- 

ner in which they work. AB repreſents the body Pl. 7. 

of a pump, which is commonly an hollow cylinder Fig: 1. 

of wood or lead, C a plug fixed near the bottom of 

the pump, with an hole in the middle, covered by | 

a a leathern valve, ſo contrived as to open and give 5 

way to the water in 27 yo = bye: to 90 "= 


$3243 45 


of the 1 — 2 are every where caſed with leather, 
whereby it is made to fit the cavity, of the pump 
ſo exactly, that neither air nor water can paſs be- 
tween. At ſome diſtance above the ſucker is an 
orifice as O in the fide of the pump, thro” which 
the pater is diſcharged. ; at the time of Working, in 
the following manner. The ſucker es. ern 
up, the ſpace between that and Me ne oP u 
leſt void of air; then foraſmuch as ick 
ſtands about the pump, is every by apa os 
tbe air, except in that part w nich W to — 
hole of the plug. i moſt there give Way, A, fas 
up into the So the pump; and ip preſ- 
ſing the ſucker again, as it cannot return e 
by reaſon of the valves 1 frog 0 g upon th 
hole, and ſtops; the paſfage, it ri rough he 
ſucker, and lodges, itſelf APE Rte that upon. _ 
next elevation of the. is carried towards 
; fr RO the pump, and thrown, out at =, ther ori- 
os V. ili eng zi * 51 along 
If inſtead of an orifice 3 thi ucker,, we ſup- 
+ poſe. one juſt above th E the lower 7 Plugs. 19 00 A valve 
openingioutwardiy, ſo as to ſuf en the water to flow 
N to. ne 1 Ne, in pppoſe the 
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Laer. ſucker to be ſolid without a perforation, the figure 


. will repreſent a forcing pump, or fire engine, in 


which the water riſes above the lower plug in the 


fame manner, and from the ſame cauſe, that it does 


in a common pump; and by the preſfure made upon 


it by the ſucker when thruſt down, it is forced out 


at the orifice, and that ſo ſtrongly, as by the help of 


|  leathern pipes to be conveyed to the tops of the 
mae 
The air in any particular place does not always 


continue of the ſame weight, but is ſometimes hea- 
vier and ſometimes lighter ; which' ptamly argues 
z variation in the quantity, inaſmuch as the gravity 
of any body is proportional to the quantity of mat- 
ter which it contains. From what cauſe this varta- 


tion ariſes, is not eaſy to determine. Dr. HaLLzy 
is of opinion, that the diminution of the quantity of 
air in any place, is the effect of two contrary winds 


blowing from that place. whereby the air is carried 


doth ways from it; and ef conſequence, the in- 
cumbent cylinder of air is diminiſhed; as for in- 
ſtance, if in the German ocean it ſhoufd blow # gale 


of weſterly wind, and at the fame time an ea/terly 


wind in the Jriſh fea; or if in France it ſhould blow 
' a fontherly wind, and in Scotland a northern; that 
part of the atmoſphere which is impendent over 
England would, he thinks, be thereby carried off and 
diminiſhed. He likewiſe conceives, that the increaſe 
of the quantity of air in any place, is oecafioned by 
the blowing of two contrary winds towards that 


15 


place, whereby the air of other places is brought 


thither and accumulated. And upon this foot, he 


© endeavours to account for what is commonly obſerv- 
ed in this part of the world; namely, that the at- 


moſphere, ceteris paribus, is always heavieſt upon an 


eaſteriy or 3 wind. This happens, ſays 


He, becauſe, that in 


e great Atlantic ocean, on 


th fide the thirty- fifth: degree of norib latitude, the 


- 


| . wofterlyand fouth-oqfterlywinds blow almoltalways; 


| Or ngunzrIcEs. 


ſo that whenever the vind omes up here at eg or | Leer. 


north-eaſt, it is ſure to be checked by a contrary 


the air over us muſt needs be heaped up in greater 
abundance,: as oſten as thoſe winds blow. | To con- 
firm this bypotheſis of contrary winds being the 
cauſe of the variation in the weight of the air, he 
obſerves,” that within the Tropicks, where there are 
no contrary currents of air, this variation does not 
obtain; but that the atmoſphere continues much in 
the ſame ſtate of gravity in all kinds of weather. 


Now, whether this, or whatever elſe be the cauſe 
of it, moſt certain it is, that the weight of the air 


does vary; andi ſo conſiderable is the variation, that 
the weight of the air in its heavieſt ſtate, exceeds 
the weight thereof when it is lighteſt, in the pro- 
portion of almaſt ten to nine. 
The changes which the air undergoes as to its 


gravity, are qbſeryed by means of the Barometer or 


weather - glas; which, 28 it was the invention of 
ToxRICEbL4lks is, known among the naturaliſts 


by the name of the Torricellian tube or inſtrument. 


It conſiſts of a ſmall glaſs-tube. about three feet 
long, cloſed! at one end, which being filled With 
mercury well purged from air, is inverted, into a 
cylindrical box of timber, wherein ſome mercury 


is lodged upon che inverſion ſome of the mercury 
falls out, whereby the upper part of the tube ig 


left empty Whilſt the lower part continues full. 
Now foraſmych as it has appeared from experi- 
ments, that the ſuſpenſion. of: the mercury in the 
tube is owing te the preſſure of the air on the ſtag- 
nant mercury ; the pillar of mercury which is kept 


up in the tube, muſt always he equal in weight to 


a pillar of the atmoſphere of the. ame thickneſs ; 
conſequently,- aq the weight of the atmoſphere va - 


ries, the height of the mercury in the barometer 


mult do. ſo too; the mercury conſtantly ring. as 
the weight of the air increaſes, and finking or = 
« Rn ö . . 2 eg le ens. 
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, atrary gale, . 
| as ſoon a4 it reaches the ein-; for which reaſon, — 
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Lacy. leſſens. That the minute variations rt. t of 


the mereury may be obſerved, that the 
tube which lies between che limits of the leaſt and- 
greateſt. height, to wit, from 18 to Jl inches is 
graduated ; each inch being divided into ten or 
twelve equal parts by means of a table; whereunto 
the tube is fixed; whereon likewiſe are infcribed in 
their proper places ſuch conſtitutions of the air and 
weather, as have been — to aroompany di. 
ferent heights of the mercury. In -contriving' this 
inſtrument,” care muſt be rak en te make the baut 


which contains the ſtagnant mercury;>ſo>targe; as! 


that upon the riſing or falling of the meromy in the 


tube, che height of that in the box may ſaffer little 
or no variation; for ſhowld' the flag —5— 2 
ſink upon the riſing of the mercur ae de a7 

riſe as that ſinks, which muſt be tit eaſe where the 
box is ſmall; the rife or fall of the mercery 1 in the 
tube will appear to be leſs than it rdlly ig; a fan 
inſtance; if when the mercury riſes half. a inch in 
the tube, it does ate the ſume time fall al quarter di 
the bor; the riſe im the tube which'a stb he 
only h an inch, is iH ftruth hie ſquartérs; [Berxuls 
the height of the mercury ib always th le an 
Fol the” 1 do that in cg ho 99 17 Fd 

hand, if tie mercury by falling half an 
17 15 the eee b n ede che true de: 


| 955 iti the tude ishreequarters Gf af mehl g indfi 


the height'sf the mereũry in the tuhhe abet 
the furface of (besftegaan mercury in he ys 5 
Rf after the fall by threequarters of an inch. 
Making the circular ren of the Bee thirty or footy 
times greater thän that vf the tube, (Which is ge- 
nerall We eaſe, the dubet of moſFbarditicters being 
but26ne fifth of àn inch wide, and the bdxks an inch 
and a quarter) the ſtagnatit merebry in tlie box may 
— NKept vonftanelh zr ene ſamé beight:very nearly; 
a Variation "61 of he 5 wot ele a 
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| On BNEDMATIONS, = "7. | 
A ſhag, the en part of an inch, Leer, i 


which is inconſ 
* a0 ti directly 
If che tube in end of boſe cons ined Ji al 5 | 


upward, be bent 

manner here Fepreſented, it is then pan es inflefted 
or ge larometen; in which the inclined. part 

B. way, conſtitute zn obtuſe angle of any magni- 
tude-with the perpendicular part B C; but the near. 
er the angle wp to a right one, the longer 

mult che: inclined; paxt be; for it muſt be continued 
until thy perpendicular: altitude thereof, A H, above 
— . e Mal to MY 

between the great 

a eu e ole mer in the bardmeter; 

the mercurp wilh not b . ney to riſe to 

| rig utmoſt-height, a4.ſuch, times as the con! 19 

of the air redhires it, This, baomster f 


minute mazigtions in che, weight f the at 25 IT 

' aceurately,than the foxmer f. beeauſe the riſe or fall | 

of the mercury in the} 1 Park; 'B i i, yer 
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— in which the axggked, of Pl. 7. 
mipates.in a large b open ly ubBle Fig. 4- 
contains the ſtagnant mercury. 
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upon the greateſh variation of the 
mercury in lihe tuba. te 
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Lier. ble may not vary above one tenth of an inch; the 

_XV. necefſlity there is for this, is evident from what was 

— faid concerning the magnitude of the box in the 
_ firſt kind of barometer. © (120) 

Beſides the barometers hitherto menfonzd,; there 
is the whee!, as alſo the pendant or conical, barometer, 
and others of various kinds; which, however: they 
may differ 'as to their ſtruQures, do all agree — 
ſhewing the changes in the weight of the air, by 
the riſing and falling of the mercury in their tubes; 
wherein it ſometimes though very rarely deſcends 
as low as twenty eight inches; and at others riſes 
to thirty one; the mean height thereof being twenty 
nine inches and an half. So that a pillar o On at- 

moſphere, in the mean ſtate of its 28 Equal 
In weight to a pillar of mereury of the Ane thick: 
neſs, and whoſe altitude is teeny nine inehes and 
an half. Whence it follows; that an inch vate of 

the earth's ſurface, or of any other body - contiguous 
thereto, ſuſtains a preſſure from the ineumbent at- 
moſphere, when in the mean ſtate of its gravity, 
equal to ſeventeen pounds, eight ounees, and 374 
grains ; that being the weight of a ſears Pillar of 
mercury one ich” thick, and! tene ins and an 

half high. © Tra 
"© From this great preſſure of the air it is; that two 
brazen 10 iſpheres, whoſe diameter i is three inches 
and eing laid one upon another, and then 
Aae, bels ſo faſt together, as to requite above 
1 2 $ to ſeparate ànd draw them aſunder. 
And miuſt be obſerve, that » the globe in this 
15 pet t cannot be perfectl 1 exhauſted, that 
5 dall 1 of air which remains within; by ex- 
| itfelf, contributes to the ſeparation of the 
kemi; for * which "reaſon, they are drawn 
7 5y ih weight than that wherewith the air 
reſſes them together; for the diameter of the ſphere 
three inches and an half, the ares of its 

greathſt Eircle is nine ſquare inches antl three fifths 

nearly; 
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O's PNEUMATICES. owl 
e nearly; conſequently, the weight of that pillar of Lzcr. ö | 
£ air which preſſes the hemiſpheres together, is not XV. | 
e leſs than 162 pounds, even in its lighteſt ſtate, — 


when the mercury in the barometer ſtands at the 
e | height of 28 inches only. If the globe, after it 
5 has been exhauſted, be hung within a receiver, upon 
y drawing the air out of the receiver, the lower he- 
n miſphere will fall off from the other; which plainly 
y ſhews, that their coheſion is owing to nothing elſe 
3 but the weight and preſſure of the air upon them. 
Is Since the atmoſphere even in its lighteſt ſtate is 
es ſo ponderous, as that a ſquare pillar of it one inch 
ty thick weighs ſixteen pounds, nine ounces, and 461 
t- grains; it follows, that a middle:fized man, the 
al | ara of whoſe body is generally allowed to con- 
k- tain about fifteen ſquare feet, ſuſtains a preſſure from 
1d the atmoſphere, when in its lighteſt ſtate, equal to 
of the weight of 31144 pounds; which preſſure on 
us larger bodies, and in heavier ſtates of the air, is ſtill 
t- eater; and therefore it may well be aſked, how 
y: it comes to paſs, that we are not ſenſible of this 


74 preſſure great as it is. In anſwer to which it muſt 
of be obſerved, that ſuch preſſures only are perceived 
an by us, as do in ſome meaſure move our fibres, and 
51 put them out of their natural ſituation. Now, the 
NO preſſure of the ain being equal on all parts of the 
ies body, cannot poſſibly move the fibres of any one 
en part, or force them from their ſituation; but on 
ve the contrary, muſt by reaſon of its | uniformity 
er. keep all the fibres in their proper places, and as ſo 
his doing, cannot be perceived. And that this is the 
lat _ caſe 18 evident from hence, that if the preſſure of the 
ex- air be taken off from one part of the body, the 
the preſſure on the neighbouring parts immediately be- 
wn comes ſenſible. Thus if a man covers the top of 
air an open receiver with his hand, upon exhauſting 
ere the receiver, and thereby taking off the preſſure of 
its the air from the palm of the hand, he will perceive 
ths * | 85 a weight 


. 
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a a weight on the back of his hand, and that ſo great 
nas to put him to pain, and almoſt TY the 
_ wen of his hand. 


1 E CTU R E xv. 
or PuzunaviCxs. 


* the elaſticity of the air, . : intend 
VI. to treat in this lecture, we are to underſtand 
4 force wherewith the particles of air expand 
themſelves, and recede from each other, whenever 
the preſſure from without, which keeps them to- 
gether, is taken off. The method which I ſhall 
obſerve in treating of this force is, Firſt, to ſhew 
from experiments, that the air is really indued with 
ſuch a force; me qa: to e Ke t its na- 
ture and law. | 
Exp. 1. As to the firſt; if a little N i an 
other liquor ſome what glutinous, be put into a 2 
and included in a receiver, upon exhauſting the re- 
ceiver the liquor will rile * _—_ frech bubbles, 
and run over the glaſss. 

As the liquor is — it retains a great gum⸗ 
ber of airy particles, which upon'the removal of the 
outward air, and therewith: the preſſure which it 
makes on the liquor, dilate and expand themſelves ; 
and foraſmuch as they cannot ready extricate 
themſelves from the liquor by reaſon of its clam- 
mineſs, they raiſe it up, and carry it over in the form 
of froth. And for the ſame reaſon it ſeems to be, 
- that meath, eyder, and moſt other domeſtic wines, 
after they have been bottled a while, upon drawing 
the cork, ſpurt out and fly; For as they are all in 
ſome meaſure glutinous, they retain a good quan- 
tity of air; which upon 2 the bottle * ae 
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denſed by reaſon of the condenſation. of the ait 
which is lodged in the neck of the bottle; beſides, 


therefore upon drawing the cork, the extraordinary 
preſſure ariſing, from the condenſed air in the neck 
of the bottle is taken off, the air which is diſperſed: 


through the liquor expands itſelf with great force, 


and not finding a ready paſſage between the parts of 
the liquor, whieh; by reaſon of their clammineſs do 


1 ſeparate, drives the liquor before it in the: 


manner of a ſpout. But to proceed; | 

The expanſive force of the air is likewiſe dem 
from the following experiment. Let a glaſs bottle 
of: a globular form, and enn ies a ſmall quantity 
of water, have ſmall n at bath 
ends, inſerted inte iti ſo far, as that the lower end 
may be below the ſurface of the water; and let the 


inſertion be made by means of a ſorew* and a collar 


of leathers, in ſuch a manner as that no air may 
paſs into or out of the bottle let then the whole 
apparatus be placed under a tall receiver, and upon 
ethauſt ing ch air out of the recewer, the water Will 
rie up thro!. the tube in the forme of a jet, whieh 
will nabe on lower in preportion as the receiver 


is more or dleſs ex hauſted the reaſon of which is, 


that the ai i included in the bottle, hy endeavouring 


ta expand diſelf, preſſes upon the ſurface of the 


water, whichtherefore mult riſe in-the;tube, as ſoon 
the preſſure ofathe outward air which keeps it 
þ warn leflened; and the greater the diminution 
of that external preſſure i ia, the bisher the water 
muſt be throẽw . 
If a bladder wherein a {mall quantity ſy 5 air is 
included, be plated under a receiver, upon drawing 
the air out of the receiver, the bladder will ſwell, 
and the ſwelling will be greater or leſs in propor- 
tion as the receiver is more or leſs emptied; which 
Tres Pup 


by the flight fermentation whieh ſuch liquors GOT 


monly . undergo in the bottle, a-treſh ſupply of air 
is generated, equal in denſity to the former. When 
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| Leer. plainly argues an expanſive force in the included 
6 as does likewiſe the burſting of a full blown 
Exp. 4. bladder in an exhauſted receiver; as alſo the 
Rap. 5: 2 of a ſquare glaſs phial when cloſe ſtop- 
If a ſmall ſiphon, having a weight faſtened from 
the hand of the piſton, and being claſed at the end 
ſo as that upon drawing up the piſton no air can get 
in, be ſuſpended in an inverted poſition with- the 
weight downward, and then covered with a receiver; 
upon drawing part of the air out of the receiver, 
the weight will deſcend, and draw down the pif- 
ton; and upon the re- admiſſion of the air it will 
When part of the air is drawn out of the recei- 
ver, that portion which remains within expands it- 
ſelf, whereby its ſpring is ſo far weakened, as not to 
be able to ſtand againſt and ſupport the weight, for 
which reaſon the weight deſcends; whereas, upon 
the return of the air which was carried off, the elaſ- 
tick force is ſo far increaſed, as to become an over: 
balance for the weight, and upon that account drives, 


1 


it up-. 19919997 [>] - 2. BIFD 
From this and the foregoing experiments it fully 
appears, that the air is endued with an expanſive 
force. Whence that force ariſes, and what the law 
of its action is, comes now to be conſidereu. 
The naturaliſts were formerly of opinion, that 
the elaſticity of the air was owing to the ſhape and 
figure of its parts; for they ſuppoſed each particle 
of air to conſiſt of Wera ba which being 
of a pliable nature, were capable of being compreſ- 
ſed and ſqueezed together by any out ward force, and 
of expanding and ſpreading themſelves abroad upon 
the removal of the compreſſing force; and this has 
been thought by ſome to be a full and ſatisfactory 
account. But that great philoſopher Sir Isaac 
NtwToN was of opinion, that the expanſive force 
of the air is altogether inexplicable on the — of 
| this, 
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this, or indeed any other 3 except that Lecr. | 
of the air's being endued with a repelling power, VI., 7 
| whereby the particles recede and fly from each other. 1 
His words are theſe. | | : 
« That there is a repulſive virtue, ſeems alſo to 
& follow from the production of air and vapour. 
© The particles when ſhaken off from bodies by 
6 heat or fermentation, ſo ſoon as they are beyond 
the reach of the attraction of the body, receding 
e from it, and alſo from one another with great 
« ſtrength, and keeping at a diſtance, ſo as ſome- 
times to take up above a million of times more 9 
* ſpace than they did before in the form of a denſe | 
«© body; which vaſt contraction and expanſion 1 
_ © ſeems unintelligible, by feigning the particles of 
<« air to be ſpringy and ramous, or, rolled up like 
* hoops, or by any other means than a repulſive 
et your?” i: ET. | 
Now, ſuppoſing this to be the caſe, and that the 
repelling power of each particle exerts itſelf on the 
next adjacent particles only, as Sir [saac ſeemed 
to imagine, I ſhall ſhew you what the law of this 
repelling power is, or in other words, how this 
power is varied, by varying the diſtance of the par- 
ticles; and in order thereto, ſhall lay down the 
following PROPOSTTION. 


PRO. If a fluid be compoſed of particles endued 

. e<oith a repulſive power, ſo as that each particle repels 
_ thoſe, and thoſe only, which are next it, and if the 
force wherewith two adjacent particles repel each other, 
be in à given reciprocal ratio of the interval of their 
centers ; that is, putting 1 for the interval of the cen- 
tert, and P for the index of the given power of that 
interval; I ſay, if two adjacent particles repel each 


other with a farce that is arp, the force which com- 
preſſes the fluid, is as the cubic rovt of that power 7 
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# 
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"ſurface is denoted by the ſquare ABCG, the com- 


Fig. 5. preſſing force being applied to that ſurface. 


Pl. 9. 


Or PNEUMATICKS. 
the denſity of the- fluid, whoſe index is P increaſed by 
2, or P＋ 23 that is, putting F for the co 77 
force, and D for - the denſity: of ' the 9 ind ether” 
bd wi P., to 25 auer a" 1 1 = 


' For the roof ef this, leo! 3 of el Quid 
be contained in a given cubic ſpace, whoſe upper 


The elaſtic force of. the fluid, which withſtarids 
the compreſſing force, and is exact equal thereto, 


is the force of thoſe parts only which compoſe the 
upper ſurface; becauſe the repelling forces of the 
particles are ſuppoſed to exert themſelves: on thoſe 
particles only which lie next them, and not to ex- 


tend to particles more remote. But the force of 


the ſuperficial parts is as the number of particles in 


the ſurface, and the foree wherewith any two adja- 


cent particles repel each other conjointly. Now the 


number of particles in the given ſquare. furface, is 


reciprocally as the ſquare of the diſtance ad the 


centers of two adjacent parts; that is, Fe ; and 
by - ſuppoſition, + the force wherewith two -Panti- 


cles repel each other, is as TP —_ and therefore, the 
elaſtic force of the fluid, and wn conſequence the 


. compreſlive force, or F, is 28 I” I — Ie The denſity 
of the fluid contained in the given cubical ſpace, is 


inverſly as the cube of the diſtance tax the 


centers of the particles ; 4 "that is, D is a. , ang I 


n 5 f and therefore, 125 b gates Br in n the 
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five force is as the cube root of that power of the 1 


denſity of the fluid, whoſe index is P+2. 


CoroL. From this propoſition it follows, that 9 


if the denſity of an elaſtic fluid be as the force 
which compreſſes it, the partieles repel one another 
with forces that are * as the diſtances of their 
centers. 


For ſince Fi is as ane —.— be to unity, and 


60 likewiſe is P; ms, the-P power of I, 
whoſe reci eee [expreſſes the repulſive force of the 
| particles, 1 is equal to I. 

Hence the particles of air muſt repel one another 
with forces reciprocally proportional to the diſtances 
of their centers, becauſe the denſity of the air is 
proportional to the force which compreſſes it; as 
will appear from the following experiment. 
Let an inflexed tube as AB, open at both de, 
be filled up with mercury to ſome ſmall height, 
ſuppoſe DC; then ſtopping the end B, ſo as that 


the air may not get out when it is compreſſed, and 


meaſuring the length of B C, that part of the ſhorter 
leg that is filled with air, which air, it is evident, 
is compreſſed by the weight of the atmoſphere; let 
mercury be poured in at A, till the height thereof 
in the longer leg above the height of the ſame in 
the ſhorter, becomes equal to the height at which 
it ſtands in the barometer, by which means the air 
in the ſhorter leg will be compreſſed by twice the 
weight of the atmoſphere; let then the length of 
that part of the leg which is poſſeſſed by the air un- 
der this double preſſure be meaſured, and it will be 


Exp. 8. 


Pl. 7. 
Fig. 6. 


found to be juſt one half of B C; whence it appears, 


that the ſpaces which a given quantity of air poſſeſſes 


under different _= are reciprocally propor- 


tional to the prefſures; and conſequently, inaſmuch 
as the denſities of bodies where the quantity of 


4 matter is given are reciprocally as their magnitudes, 
1 the 
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Lzcr. the denſity of the air is directly as the compreſſing 


Vi. 


0 0 $ 


force. From this property of the air, Corzs has 
deduced a method for determining the denſity 
thereof at any height 5 what he has delivered con- 
cerning this matter, is contained.in the 5th chapter 
of his Harmonia Menſurarum, which I ſhall endea- 
vour to explain to you; and in order thereto, ſhall 
lay before you ſuch properties of the 9 0x9 
curve, as | ſhall have occaſion to make uſe of, refer- 
ring you for their demonſtrations to the forementi- 
oned author, and others who have wrote of that 
curve. Let then BD GI be a logarithmick curve, 
AH its aſymptot, that is, a right line ſo ſituated 
with reſpec to the curve, as not to meet it till it is 
drawn to an infinite, or rather indefinite length, 
BA, DC, and G F, ordinates, that is, right lines 
perpendicular to the aſymptot at the points A, C, 
and F, and terminating in the curve. BC a tan- 
gent to the curve at the point B. The properties 
of this curve, which 1 ſhall have occaſion to men- 
tion, are theſe four. ts 
Firſt, Any portion of the aſymptot intercepted 
between two ordinates, is the logarithm or meaſure 
of the ratio which thoſe ordinates bear one to the 
other; thus A C meaſures the ratio of BA to DC; 


and C F meaſures the ratio of DC to GF; and 


ſo likewiſe A F meaſures the ratio of B A to GF. 
And if AC, AF, and A H be in arithmetick pro- 
portion, then D C, G F, and I H are in geometrick 
proportion; and if any portion of the aſymptot 
be a given quantity, then is the ratio of the two 
ordinates, which intercept that portion, likewiſe 
iven. | 
: Secondly, That portion of the aſymptot as A C, 
which is intercepted between a tangent and an or- 
dinate, drawn to the ſame point of the curve as B, 
is a given quantity, or, in other words, to what- 
ever point of the curve the tangent and ordinate are 
drawn, 
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drawn, the portion of the aſymptot which they in- Lace. 


tercept is always of one and the ſame length. The 
portion ſo intetcepted is called the /ibtangert, and it 


is the module, of that which regulates the magni- 


tudes of all the logarithms in the ſame ſyſtem; for 
they are ter or leſs in proportion to the magni-« 
tude of the ſubtangent ; ſo that if in two logarith- 


mick curves, the ſubtangent of one be double or 


triple the ſubtangent of the other, the meaſures of 


the ſame ratiot are likewiſe twice or thrice as great 


in the former as they are in the latter. 

- Thirdly, The indefinite areas comprehended bes 
tween the curve and the aſymptot, drawn on to an 
indefinite length beyond H I. are to one another 


as the ordinates which bound them in their wideſt 


parts; thus, the indefinite areas BAHI, DCHI, 


and G F HI. are to one another as the ordinates 


BA, DC, and G F. 


* 


Theſe things being premiſed, let A B repreſent 


the earth's ſur face, and let A H be a line perpendi- 
cular thereto; then, foraſmuch as the denſities of 


the air at different heights, are as the preſſures of 


the incumbent atmoſphere, and the ordinates in the 
curve, as the indefinite areas which lie beyond 
them; if. the indefinite area BAH I be made to de- 
note the weight or preſſure of all the air, and A B 


its denſity at the ſutface of the earth, then, by the 


third property of the curve, the indefinite area 


DC Hl wilt denote the weight or preſſure of all 
the air which lies above C, and the ordinate DC 


will denote the denſity of the air at that height; 


and thas it is with regard to any other height, ſs 
that at all heights, the denſities of the air will be 
denoted by the reſpective ordinates; wherefore, by 
the firſt property of the curve, the difference be- 

R tween 
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Fourthiy, The indefinite ares B AHI, is equal to 
the parallelogram BAC E, comprehended under the 
ordinate B A, and the ſubtangent A C. | 
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Laer. tween any two heights; is the meaſure of theratio 
XVI. which the denſities of the air bear to one another 


which the aii's denſity at the height C bears to its 
denſity at the height F. et us now ſuppoſe the 
force of gravity to ceaſe, and that the air is ſo 
compreſſed by ſome external force, as to be every 
where from top to bottom of the fame denſity, as 

it is at the fur face of the earth; its weight or preſ- 
ſure, which before u as denoted by the indefinite 
arca BAH, may now be denoted by the paralle- 
logram BA CE, inalmuch as by the fourth pro- 
perty of the curve, that area and this parallelogram 
are equal. Since then two fluids which balance 
each other muft have their heigbts inverſly as their 
ſpecifſck gravities, if xe put unity to denote the 
-ſpecifick gravity of the air at! the ſurface of the 
earth. and ſay, as unity to 11890, which. is. the 
ſpecifick' gravity of mercury with feſpect to that 

* of air, ſo is 2: feet, which+is the height of the 
mercury in the barometer; to a fourth number, we 
ſhall have 20725 feet for the height of the homo- 
geneal atmoſphere; and this height is equal to the 
ſubtangent A C. For ſince the preflure of this 
homogeneal atmofphere is as its denſity into its 
beight, and likewiſe as the rectangle BA CE; and 
ſince the denſity is denoted by BA, the height 

| muſt be denoted by A the module in this ſyſtem 
fl of logarithms. Hence we have a method for de- 
1 termining the denſity of the air at any height; for 
K putting H to denote the height at which- the den- 
| j = of the air is required, by the ſecond property 
CG | of the curve, we have this analogy, as the integral 
f number marked A, which is the module of this 
ſyſtem, is to the fractional number marked B, 
which is the module of Briccs's ſyſtem, ſo is H 
1 exprefled in feet, to a fourth number, which in 
| Br1ccs's tables is the logarithm of the ratio of 
1 ä 5 the 


3 Pant Rao ooo reg 
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at thoſe heights; thus C F meaſures the proportion 


„„ PR LL 
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SF and 8 A, and at the point K, let the ordinate 


4 


PNEUMATICES. 


Or 


the denſity of the air at the earth's ſurface, to its Leer, 


denſity at the height H, anſwerable to which in 
the tables is the natural number expreſing that 
ratio. | 


Ai 8 
ng ; 043429448 : 1 age 89 
ff ou 8 1908 5 
26450 X 0.4 429448 | | 
— 9 — 2 Saen. 8 
29725 | | 


Thus, for inſtance, if the denſity of the air: at 
the height of five' miles, or 26400 feet, be required, 
by multiplying that number by the fractional num- 
ber — B, and dividing the product by the 
integral number marked A, we ſhall have the lo- 
garithm marked C; anſwerable to which in the 
tables is the natural number marked D, expreſſing 
the ratio of the air's denſity at the ſurface of the 


earth, to its denſity at the height of five miles; 
| whence it appears, that at the ſurface of the earth, 


the air is denſer than it is at the height of five miles, 
in the proportion of almoſt 22 to one; but then, 
this is on ſuppoſition that the force of gravity con- 
tinues the ſame at all heights, whereas in truth, 


that force decreaſes: in the receſs from the earth's 
center in the duplicate ratio of the diſtance, which 


cauſes the denſities of the air at different heights to 
be ſomewhat different from what they would ha in 
caſe the force of gravity did not var. 

In order therefore to determine the denfities! more 
accurately, let S be the earth's center, and A B, 


equal to AB in the laſt figure, the earth's ſurface, 


and let F be the height at which the denſity of the 
air is required; let S K be a third proportional to 


R 2 K G 
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ler. KG be drawn, denoting the denſity of the air at F, 
XVI. then taking the point Mat an indefinitely ſmall diſ- 
© tanceaboveF, let SL be a third proportional to 8 M 
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and SA; and at the point L, let the ordinate EN 
be drawn, denoting the denſity of the air at M; this 
being done, it will appear, that the curve B G N, 
which paſſeth thro? the points G and N, is the ſame 
logarithmick curve with the former, but in an in- 
yerted poſition. For ſince 8 L is to SA, as SA to 
8 M, and ſince 8 K is to the fame SA, as SA to 
SF, then by equality of ratio, SL is to SK, as SF 
to S M, and by diviſion and permutation, K L is 


to FM, as SK to SM; or becauſe FM is indefi- 
nitely ſmall, as SK toSF; that is, as 8 Ad to 8 Fa; 
whence reducing that analogy into an equation, and 


dividing by 8 Fa, we ſhall have K L ===; 


and rejecting 8 Ad, as being a given quantity, we 


ſhall have K L as FM directly, and 8 Fa inverſly ; 


but F Mis as the quantity of air in the indefinitely 


little ſpace FM, and S F inverſly is as the gravita- 


tion of the ſame air, and K G is as its denſity, con- 


ſequently, the rectangle under K L and K G, or the 
area K GN L, is as the gravitation, the quantity, 
and denſity of that air conjointly, that is, as its preſ- 
ſure on the air beneath it; and the ſum of all the 
ſimilar areas below K G, is as the ſum of all the 
preſſures above F, that is, as the denſity of the air 
at F, or as K G, which denotes that denſity; and 
KGN L, which is the difference of the two ſums of 
all the ſimilar areas, one of which ſums begins from 
the point K, and the other from the point L, is as 
the difference of the air's denſities at F and M, that 
is, as K G—LN. Let now K L be given; that is 
to ſay, let the ſmall portion intercepted between 
K G and LN be always of one and the ſame length, 
in whatever parts of the line AS the points K and 
L are taken; then K G will be as the area K GNL, 

7 and 


ordinate P Q be drawn. 
fame denſity of the air at the earth's ſurface is de- 
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and confequently, as K G—LN ; whence by divi- L 


ſion, K G will be as LN, fo that the ratio of K G 
to L N is given, and of courſe the given line K L 
will be the meaſure of that given ratio; whence 
by the firſt property of the logarithmick curve, the 
curve which paſſeth thro' the points G and N is a 
logarithmick curve; and it is alſo the ſame with the 
former; for taking A O the height above the earth's 
ſurface indefinitely ſmall, it is evident, that the 
force of gravity is the ſame at O that it is at A, 
conſequently, the denſity of the air at O will come 
out the ſame, whether the law of gravity be taken 
into the conſideration or left out; let then the or- 
dinate O P be drawn in the former curve, and at the 
ſame diſtance from A in the latter curve, let the 
Now, ſince one and the 


noted in both curves by the equal ordinates B A, it is 
evident, that the ordinates OP and P 
the two curves denote one and the ſame denſity at O, 
muſt likewiſe be equal; whence it follows, that 
both curves have the ſame curvature, as alſo the 
ſame inclination of their tangents at the points B, 
and their ſubtangents equal; that is, the latter curve 
is the ſame with the former, but in an inverted po- 


ſition. Now, foraſmuch as B A in the latter curve 


denotes the denſity of the air at the ſurface of the 
earth, and K G its denſity at F, it is evident by the 
firſt property of the curve, that in this ſyſtem, A K 
is the meaſure of the ratio which the denſity at the 
ſurface has to the denſity at F; the firſt thing there- 
fore which muſt be done, in order to diſcover the 


denſity at F, is to find out the line A K, and this 


is done by diminiſhing AF in the fame proportion 
that the earth's ſemidiameter S A is leſs than S F, the 
diſtance of F from the earth's center; for by the 
conſtruction, SF is to S A, as SA to SK; whence 
by divihon, SF: SA:: AF: AK. AK being 
thus obtained, let it be called H ; then, by the ſame 
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proceſs as before, we may diſcover the mos] of | 
FO air at dhe ee F. | 


| E i: | feet: 
EAN 15 WS = 4 a 
4995734000 3: £7 15 4.99375 = = 26367. | 
9 * G 
636 43429448 5 
— D 0.385232. 2 11 ace 


For inſtance, if the denſity af the air at the 
height of five miles be required as before; then 
by laying, as 4005 miles, that is S F, is to 4000 
miles, that is S A, ſo is five miles, that is AF, to a 
fourth, we ſhall have the number marked E, ex- 
preſling miles, and parts of a mule, equal 1 to 26367 
feet, which being multiplied by the fractional num- 
ber marked B, and the pioduct divided by the in- 
tegral number marked A, we ſhall have the fracti- 
onal number of BRIGGs's tables marked F, anſwer- 
able to which is the natural number marked G, ex 
preſſing the vatio of the air's denſity at the ſurface 
of the earth, to its denſity at the height. of five 
miles. After the ſame manner may the ratio of 
the air's denſity at the ſurface, to its denſity at any 
height be computed. The reſult of ſuch compu- 
tations I have ſet down in the annexed table; the 
firſt column of which contains the heights of the 
air in Engliſh miles, whereof 4000 make a ſemi- 
diameter of the earth.. The numbers i in the ſecond 


column expreſs the ratio of the air's denſity at the 
ſurface, to its denſity at the reſpective heights, and 


they likewiſe denote the rarity or expanſion of the 


air at thoſe heights. The third column contains 
the denſities and compreſſions at the ſeveral heights. 
The numbers at the bottom of the ſecond column 
included in crotchets denote, that ſo many figures 


are to be annexed to the five preceding, and thoſe 


| included i in the crotchets at the bottom of the third 


column 
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column denote, that ſo many decimal cyphers are 


to be prefixed to the five following figures. 


|. 
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M. BA CY me 3 
Fand ſince from the nature of muſical propor- 


tion, the quotients arifing from the diviſion of one 
and the ſame quantity by quantities in arithmetick 


progreſſion, conſtitute a ſeries of muſical propor- 
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— it follows, that if ſeveral diſtances from 
the earth's center as 8 F, be taken, in muſical pro- 
greſſion, their reciprocals as 8 K, muſt be in arith- 
metick progreſſion; but by the firſt property of the 
logarithmick curve, the denſities of the air as K G, 
muſt be in geometrick progreſſion. | | 
Since the denſity of the air is proportional to the 
compreſſing force, and ſince the compreſſing force 
is equal to the elaſtick force, it is manifeſt, that if 
the denſity of the air be increaſed, the elaſticity 
will likewiſe increaſe in the ſame proportion; and 
on this principle are founded artificial fountains 
which play by means of condenſed air; they are of 
two kinds, ſingle and double. The ſingle fountain 


is made of braſs, and is every where ſhut, excepting 


that thro* the middle of the baſon B B, there paſſes 
down a pipe PP, whoſe lower end reaches nearly to 
the bottom of the fountain, and to the upper end 
is fitted a ſtopcock, by help of which the pipe may 
be ſhut or opened at pleaſure, A | 
Some part of the fountain as ADC, being filled 
with water poured in thro? the pipe, a condenſing 
or forcing ſyphon 1s ſcrewed to the top of the pipe 


abave the cock, by means whereof a great quantity 


of air is thrown into the pipe; which as it cannot 
return back, by reaſon of a valve which ſhuts cloſe 
upon the hole of the ſyphon, forces its way thro? 
the water into the upper part of the fountain, and 
there remains in a ſtate of condenſation, greater than 
that of the outward air. When therefore the con- 
denſer is taken off, and the cock opened, the in- 
luded air preſſing ſtrongly on the water which lies 

beneath 
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; beneath it, throws it up thro” the pipe, and thereby Lzcr. 
| makes a jet. "BIG 1 XVI. 
) | Aa jet. 8 n „ 
The force wherewith the water is thrown up, is 
proportional to, and may be expreſſed by the exceſs 
of the denſity of the included air above that of the 
external air. For if the included air be equally denſe 
with that without, its elaſtick force muſt be equal 
to the compreſſive force of the atmoſphere; conſe- 
quently thoſe two forces will balance one another, 
and the water will continue at reſt, being preſſed as 
ſtrongly downward by the weight of the external 
air, as it is upward by the expanſive force of the 
included air; but if the included air be more denſe 
than the external, its elaſtick force will exceed the 
compreſſive force of the atmoſphere, in the ſame 
proportion that its denſity exceeds the denſity of the 
outward air; conſequently, that part of the expan- 
ſive force of the included air which raiſes the water, 
is proportional to and may be expreſſed by, the 
exceſs of the denſity of the included air above that 
of the external air. So that putting F for the force 
which raiſes the water, D for the denſity of the in- 
cluded air, and 1 for the denſity of the air without, 
Fir. 45: | 
The height in feet to which the water riſes, ſet- 
ting aſide all impediments, is equal to the product 
ariſing from the multiplication of 33 into the ex- 
ceſs of the denſity of the included air above that 
of the outward air; that is, putting H for the 
height of the jet, and x for 33, H= x D- x. 
For as water which is driven out of a reſervoir b 
the preſſure of the incumbent water, if it ſpouts di- | | 
realy upward, riſes to the ſame height with the wa- —_ 
ter in the reſervoir; ſo it it be driven by any other | | 
force, it muſt riſe to an equal height with a pillar a 
of water whoſe preſſure is equal to that of the driv- | 
ing force; foraſmuch therefore as the atmoſphere 
makes an equal preſſure with a height of water of 
33 feet, 
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33 feet, the water will be 'thrown'to the height of 
33 feet by the compreſſive force of the atmoſphere; 
wherefore if we put 1 for the preſſure of the atmoſ- 
phere, and fay, as one is to 33 or x, ſo is D— 1, 
which expreſſes that part of the preſſure of the 
included air which drives out the water, to a 
fourth 1 we ſhall have x D—x,. or 


3414 92 


* —1, for the height to hich the water. 1s 
thrown; whence it appears, that if D—1, be, equal 
to unity, which is the caſe when the air within is as 
denſe again as that without, the water will riſe to 
the height of 33 feet; and if .D —1 be equal to 2, 
which is the caſe when the included air is thrice as 
denſe as the external, the height of the jet will be 
66 feet, and ſo on. 

The double fountain conſiſts of two ſingle foun- 
tains, whoſe: bottoms are. faſtened to an hollow braſs 
cylinder, one at each end, in the manner repreſents 
ed in the figure, wherein AA and BB denote the 
two fountains with their baſons ; J. CC the. hollow 
cylinder,. which plays upon the pins DD as upon 
an axle; each has a pipe as P, whoſe lower end 
reaches nearly to the bottom of the fountain. From 
the baſon of the fountain A A, there iſſues another 
pipe as T, which paſſing through A A, and likewiſe 
the hollow cylinder CC, without communicatin og 


with either, opens at E into the. fountain B B. A 
in like manner, ſuch another pipe iſſuing from the 


baſon of B B, and paſſing thro' that fountain and the 


cylinder, opens into the fountain A A. The hol- 


low cylinder being placed in an upright poſture by 


3$» 37 


means of the carriage which ſupports it, and the 


pipes of the lower fountain being ſtopped,” water is 


conveyed into it through the pipe I, which, iſſues 


from the baſon of the upper fountain ; by the run- 


ning in of the water, the air contained i in the lower 
fountain is crowded into a ſmaller ſpace, and there- 
by condenſed ; ; If then both the pipes of the upper 

fountain 
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fountain be ſtopped, and the lower fountain be 
brought into the place of the upper, by turning the 


cylinder on its pins, the water which it contains will 
fall to its bottom, and the lower end of the pipe P 
will be immerſed therein, in the manner repreſent- 
ed in the upper fountain; ſo that upon opening 
that pipe, the water will be driven thro' it by the 
expanſive force of the condenſed air; and as it falls 
into the baſon, it will be conveyed thence by the 
ipe T into the lower fountain; and when the up- 
per is exhauſted and ceaſes to play, then ſtopping 
its pipes, and changing the places of the fountains 
as before, the other may be ſet a going in the ſame 
manner. e | 


L ECDURE: XVII. 
Or Sounds. 


N* this lecture I ſhall firſt explain to you the 
NATURE OF- SOUNDS, and then treat of the 
VIBRATIONS of MUs81ICAL STRINGS... 
That SounDs have a neceſſary dependance on 
the air, will appear from the following experi- 
mant! CCCP 
Let a bell be placed under a receiver in ſuch a 
manner as that it may be rung at pleaſure; and up- 
on drawing the air out of the receiver; the ſound of 
the bell will grow leſs and leſs audible in propor- 
tion to the degrees of exhauſtion, ſo as at laſt almoſt 
to die away, and ſcarcely to be heard at all; and 
upon 're-admitting the air, the ſound will revive 
again, and increaſe in proportion to the quantity of 
air that is taken in. = CET pdf ap. 
As this experiment proves the air to be neceſſary 
to the production of ſounds, ſo the tremblings 
which great guns, bells, drums, and many other 
ſounding bodies communicate, by means of the 
interinediate 


— 
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intermediate air, to ſuch bodies as are near- them, 
plainly ſhew, that ſounds depend on tremulous mo- 
tions of the air; which therefore I ſhall endeavour 
to explain to you, together with the cauſe and man- 
ner of their production. When the parts of a bell, 
a muſical ſtring, or any other elaſtick body are ſet 
in motion by a ſtroke, they vibrate, that is, they 
go forward and return backward alternately thro" 
very ſhort ſpaces; in going forward they propel, 
and thereby compreſs and condenſe the air which 
lies next them; and in returning backward, they 


ſuffer the compreſſed air to recede and expand it- 


forward till it has moved thro? a ſpace as H K, equal 


ſelf, ſo that the parts of the air which are contigu- 
ous to the trembling body, go and return in the 
ſame manner with the parts of the body; and as 
they are endued with a repulſive power, they muſt 
by means thereof excite the ſame vibrations in thoſe 
parts which lie next beyond them ; and theſe again 
muſt in like manner agitate the parts beyond them, 
and ſo on continually ; ſo that by one ſingle vibra- 
tion of an elaſtick body, a motion is excited in the 
air, and propagated direQly forward, by which ſome 
parts go forward, whilſt others return back, and that 
alternately, as far as the motion reaches. 
That this motion may more readily be conceived, 
let 8 T repreſent an elaſtick ſtring, ſtretched and 
made faſt at both ends; and by a force applied to 
the middle point H, let it be drawn into the poſi- 
tionSET; upon the removal of the force which 
inflects it, it will by virtue of its elaſticity return to 
its former poſition SH T; and foraſmuch as the 
reſtitutive force acts conſtantly upon it during the 
time of its motion from E to H, its motion thro? 
that ſpace muſt be continually accelerated, and the 
velocity thereof muſt be greateſt at H, When the 
ſtring has recovered the poſition SH T, it will not 
Temain therein ; but by virtue of the velocity ac- 
quired in moving from E to H, it will be carried 


to 
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to E H, and then its motion forward will ceaſe; for 
as it moves towards K, the elaſtick force acts con- 
tinually upon it in drawing it back; and by ſo do- 
ing, retards the motion from H to K, in the very 
fame manner that it accelerated the motion from E 
to H; conſequently, by the time that the ſtring has 
moved from H to K, it will have loſt all that velo- 
city which it acquired in moving from E to H; as 
ſoon as it ceaſes to go forward, it will be brought 
back again from K to H by the force of elaſticity, 
with an accelerated motion, in the very fame man- 
ner as it was at firſt from E to H; and when it has 
arrived at H, it will by virtue of the acquired ve- 
locity go on to E, with a retarded motion, in the 
ſame manner as it did from H to K. The motion 
of the ſtring from E to K and back again, is called 
a vibration; and it is evident from what has been 
faid, that letting aſide all external impediments, a 


ſtring which has made one vibration, muſt continue 


to vibrate for ever thro? the ſame ſpace; but, where- 
as it meets with continual reſiſtance from the air, the 
ſpace thro* which it vibrates muſt on that account 
grow leſs and leſs cpntinually, and at length vaniſh; 
and yet, notwithſtanding this variation in the ſpace, 
the times of the vibrations are all equal, as I ſhall 
demonſtrate before the cloſe of this lecture; but I 
take notice of it in this place, becauſe one of the 
chief properties of the pulſes of the air, whereof I 
ſhall have occaſion to make mention preſently, has 
a neceſſary dependance thereon. 
When the ſtring is drawn into the poſition SE T, 
if we ſuppoſe A, B, C, and ſo forth, to be particles 
of air placed in a right line one beyond another, and 
that the diſtance of the firſt particle from the ſtring 
at E, is equal to the interval of any two adjacent 
particles, as it muſt needs be, on ſuppoſition that 
the particles of the air fly from other bodies with 
the ſame force that they repel one another; upon 
| | letting 
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Lecr. letting the ſtring go, as it cannot move forward 
XVII. without approaching to the particle A, it muſt in 


the very next inſtant after it begins its motion, pro- 
pel that particle; which, for the ſame reaſon, muſt 
in the next inſtant after it begins to move propel 
the particle B, and that muſt in the ſame manner 
propel C, and C propel D, and ſo on; fo that the 
ſtring, and the ſeveral particles of air taken in 
their order, will begin to move forward ſucceſſively 
one after another, at very ſmall intervals of time. 
And whereas the ſtring is accelerated in its motion 
from E to H, and retarded in its motion from H 
to K, the particle A muſt likewiſe be accelerated 
in one half of its progreſs, and retarded in the 
other; for ſince A is equally diſtant from the 
ſtring, and from B, before the vibration com- 
mences, and ſince it begins to move forward a little 
later than the ſtring; it is evident, that upon the 
firſt motion of the ſtring, the diſtance between that 
and A, muſt become leſs than the diſtance between 


A and B; and foraſmuch as the increments of ve- 
locity which are continually generated in the ſtring 


by the action of its elaſticity, are not communicat- 
ed to the particle A, in the inſtant of time wherein 


they are generated, but a little later; it is mani- 
| feſt, that the ſtring during its motion from E to 


H, muſt continually be nearer, to A than A is to 


Bz; and conſequently, muſt a& more forcibly. in 


driving A forward, than B does in driving it back- 
ward, and by ſo doing accelerate its motion. After 
the ſtring has arrived at H the middle point of its 
progreſs, and ceaſed to be accelerated, in the very 
next moment A likewiſe reaches the middle point 
of its progreſs, and ceaſes to be accelerated, being 
driven as ſtrongly backward by B, as it is forward 
by the ſtring. But however, by virtue of the ac- 
quired motion it continues to go forward, but with 
a retarded motion; and is at length ſtopped by the 

repulſive 
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- repulfive power of B; in the ſame manner that the Leg. 
ſtring in moving from H to K is retarded, and at eee 
laft ſtopped by the action of its elaſtick force. Af- 

ter the ſtring has reached K, the utmoſt limit of its 

progreſs, in the very next moment does A likewife 
reach the utmoſt limit of its progreſs, and then 
turning back, purſues the ſtring, which had; like- 
wiſe turned back the moment before. And as the 

ſtring is accelerated during its return from K to H, 

and retarded from H to E; ſo the particle A, dur- 

ing the firft half of its return, being nearer to B 

khan it is to the ſtring, muſt be accelerated; and 

during the latter half, being nearer to the ſtring, 
is thereby retarded, and at length ſtopped upon its 
arrival at the place from whence it ſet out, which 
happens immediately aſter the ſtring has returned to 

E; and there it continues at reſt, unleſs by a ſecond 

vibration of the ſtring it be again driven forward in 
the ſame manner as before. As this particle is 

made to go and return thro' a very ſhort ſpace, by 
the impulſe of the ſtring, ſo likewiſe are the ſeveral 
ſucceeding particles; by the impulſes of the forego- 
ing; and as the ſtring and the ſeveral partieles taken 
in their order, begin their motions forward, ſueceſ- 
ſtvely one after another. at very ſmall intervals of 
time, ſo likewiſe do they begin to return in their 
order at the ſame intervals of time; whence it fol- 
lows, that ſome of them muit go forward, at the 

. ſame time that others return back. As the particles 
which go forward begin their motions; ſucceſſively 

one after another, they muſt neceſſarily come nearer 
together; that is, they muſt be condenſed. And it 

muſt be obſerved, that tbe condenſation goes for- 
ward continually; for in the very next inſtant after 
any particle as D, has made its neareſt approach to 

E, E muſt take its neareſt approach to F; and in 

the next inſtant F muſt make its neareſt approach 

to G, and fo on continually; ſo that the 8 

10 | ation 
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Lzcr . ſation muſt paſs forward ſucceſlively in a regulat 
XVII. manner, thro? the ſeveral particles of air. 1 
| But that I may explain this vibratory motion © 


the air more particularly, it muſt be obſerved, that 
as the ſtring during the firſt half of its progreſs from 


E to H, is continually accelerated, its diſtance from 
the particle A, muſt conſtantly grow leſs; and for- 


aſmuch as during the latter balf of its progreſs from 


H to K, it is continually retarded, and that in the 


ſame uniform manner thar it was accelerated from 


E to I, its diſtance from A muſt conſtantly be in- 


larged, and that in the ſame regular manner that 
it was diminiſhed during the progreſs of the ſtring 
from E to H; fo that by the time it has arrived at 
K, the urmoſt limit of its progreſs, it is juſt as far 
diſtant from the particle A, as it was when it firſt 
ſet out. Upon the return of the ſtring, inaſmuch 


as it is continually accelerated from K to H; its 
diſtance from the particle A muſt ſtill be inlarged; 


and foraſmuch as it is retarded in its. motion from 


 H'to. E, in the very ſame manner as it was accele- 
tated from K to H, its diſtance from A muſt con- 
ſtantly grow leſs in the ſame regular manner that it 
was inlarged during its motion from K to H; fo 


that upon its return to E, it is again juſt as far diſ- 
tant from the particle A, as it was at its firſt ſet- 


ting out. From what has been ſaid, it is evident, 
that the ſtring during the time of its progreſs is 
always nearer to the particle A, than it was before 


its motion began, and that its leaſt diſtance from 
the particle is at H, the middle point of its pro- 
greſs; it is likewiſe manifeſt, that during the time 
of its return, it is always more diſtant from the par- 


ticle than it was before its motion began; arid that 


its greateſt diſtance from the particle is at H. the 
middle point of its return. And what has been 


thus ſhewn of the ſtring with reſpect to the particle 
A, is in like manner true of that particle with re- 


ſpect 
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en 1o-the ene and-of B. with reſpecd to C, Log: | 
with reſpect to that whigh: UI. 

lies immediately Beyond . far as the motion 
reaches; ſo, that each particle with regard to than 


and ſo on of every very particle 


which lies immediately beyond it, is In a ſtate, of 
condenſation during its progreſe and of rarefactiom 


during its return, its 
the miaſt of its 8 and its greateſt rarefaction 


at the midſt of its return. What Proportion thaſe 


rarefaQions:and condenſations hear to the denfity 


of the air in its matural ſtate, in every point gf that 


ſmall ſpace thro”. which a particle. of air vibrates; 
ſhall be an nent lecturef as olebetinens 
this vibratory. motio 7 

As the parts which 1 40 in theirq prov 
greſſive motion ſtrikę ſuch obſtacles as they meet in 
their way, they are for that geaſon called ge; and 
the fenſations which are excited in the mind by the 
ſtrokes of theſe pulſes on the drum of the ear are 
called founds;- ſo. that ſounds as conſidered in their 
phyſical caufes, are nothing elſe but the pulſes oß5 
the air. In erder therefore to explain the nature of 
ſounds, I ſhall lay before bu the A properviey af 
theſe pulſes. 

The firlt of which is, that they are propagated 
from the-trembling body all around in a ſphærical 
manner. Far tho' the — of the body, by whoſe 


vibrations the pulſes are generated, de go and rer 


turn according to certain directions, yet foraſmuch , 
as every impreſſion, which is made on. a fluid is pro- 
pagated every way throughout the fſüid, whatever 
be the direction wherein it is made the pulſes: mult 
ſpread and dilate, ſo as to form themſelves into, 
concentriek ſphærical ſurfaces, or rather thin Hells; 


whoſe common center is the place of the ſoundi pa, | 


And hence appears the reaſon why one 
the ſame ſound may be heard by feveral” perſons, 
tho e Led with een $0.56 founding 
body. 
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greateſt condenſation being at 
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. ſecond property of the pulſes is, that ing 
"leſs and lefs denſe as they recede from the 


with the ſquares of their diſtances from the body. 
For Whatever be the force wherewith the ſounding 
acts on the firſt ſpherical ſhell of air, with the 
very ſame force does that ſhell act upon the ſecond, 
and that again upon the third, and ſo on continu- 
ally; ſo that the force which condenſes the air in 
the ſeveral ſhells is given; conſequently, the con- 
denſations which it produces in thoſe ſhells muſt be 
inverſly as the reſiſtances it meets with; but the re- 
fiſtances are as the ſhells; and therefore, ſince thoſe 
increaſe continually in the ſame proportion with the 
ſquares of their diſtances from the center, their 
denſities muſt decreaſe in the ſame manner. 
By reaſon of this diminution in the denſities of 


the pulſes, thoſe which are farther removed from 


the ſounding body, make flighter impreſſions on 
the drum of the car, than thoſe which are leſs diſ- 
tant; and hence it is, that ſounds grow leſs and leſs 
audible, the farther they go from the ſounding body; 
and at certain diſtances become ſo weak as not to be 
heard at all. 

A third property of the pulſes Is, that all of them 
. — denſer or rarer, move equally ſwift, ſo as to 
be carried through equal ſpaces in equal ue as I 


4 fhall demonſtrate in my next lecture. 


From this property it follows, that all ſounds 
whether they be loud or: low, grave or acute, move 


ually ſwift, the ſofteſt whiſper making equal ſpeed 


with the noiſe of a cannon, or the loudeſt thunder- 


clap; and it has been found by experiment, and I 
ſhall likewiſe demonſtrate in my next lecture, that 


ſounds move at the rate of 1142 feet in a ſecond of 
time or thereabouts; for the velocity is not preciſely 


the ſame in all ſeaſons of the year, but is ſomewhat 


greater in ſummer than in winter, on account of 


the heat which renders the 3 air more elaſtick in pro- 


portion 
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E to its denſity, than it is in the cold winter Lex. 


eaſon. 


A fourth property of the pulſes is, that all thoſe 


which are excited by the vibrations of one and'the 


ſame body, are at equal diſtances from one another. 


For ſince each pulſe is excited by one ſingle vibra- 

all the pulſes 
move with equal and uniform velocities, it is mani- 
feſt that they muſt ſucceed one another at diſtances 
proportional to the times of the vibrations; but the 
times of the vibrations of one'and the ſame body 
are all equal; 'conſequently, the intervals of the 
pulſes are ſo too. And it muſt be obſerved, that 
the interval between two pulſes, which is by ſome 
called the length, and by others the breadth of a pulſe, 
is that ſpace through which the motion of the air is 
carried, during the time wherein any one particle 


| performs its vibratory motion in going forward and 


returning bac. 3 | 

On the intervals of the pulſes depend the tones of 
ſounds; and here I muſt obſerve to you, that all the 
variety there is in ſounds, reſpects either their frength 


or their Zone; with regard to their ſtrength, th 
are diſtinguiſhed into loud and /ow; and with reſpe 
to their tone ek hn and acute, otherwiſe called 


flat and ſharp. 


e 4 of any ſound depends 
on the magnitude of the ſtroke, which is made by 
a pulſe on the drum of the ear; the | 
ſtroke is, the louder is the ſound which it excites, 


and the weaker the ſtroke, the lower the ſound; and 


whereas all the 7 9 move with equal velocities, 
the magnitude of the ſtroke, and conſequently the 
ſtrength of the ſound, muſt be as the quantity of 
matter in the pulſe; that is, as a rectangle under the 
denfity and breadth of the pulſe; and ſuppoſing the 
breadth of the pulſe to be given, it muſt be as the 

The tone of a ſound depends on the duration of 
a ſtroke; the longer a _— is which a pulſe makes 
FTE 4 c = 
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that interval. Hence, it follows, that all the ſounds 


from the loudell to the lowelt 


quickelt have the ſharpeſt or ſhrilleſt one. 
As there may be an infmite variety in the times 

wherein, ſounding bodies. perform. thejr  yihrations, 
ſo may there likewiſe be in the tones of the ſounds 


ground or baſe note with reſpect to the 15th which 
NET ob ks * ig » i © 22 24118 0 41 1 
f 15, above it; which, 15th is hkeiſe the baſe in the Ny - 


wherein the proportions of the times of the notes in 
the: firſt octave are-preſeryed, the octaves may be 
1 continued on both ways, aſcending and deſcending, 
#1 and that in infinitum; and yet, oh Ran a this 
$2] infinite progreſſion in the octaves, the number of 
| Harmonick ſounds is limited. Mr. Sauvkux is of 
opinion, that all the harmonick ſounds, that is, ſuch 
ſounds as can be heard diſlinQtly and-with pleaſure 


as. Mo ² AA SES 


and 


4 
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e a in Ghoſe tones a difference can be clearly per- 178 
i ceived by the Sar, lie within the compaſs of ten oc-. . 
8 taves; as.alſo, that all ſounds Whatever, from the 
ſt 7 loweſt harmonick ſound, to the higheſt that the hy- 
{. | J man ear can well bear, are contained within the li- 
r || mits of two octaes more. And if this be the caſe, 
fit follows, that that body which gives the fhrilleſt 
18 ſound that the ear can bear, makes 4096 vibrations 
y. I in che fame time that one vibration is performed 
Ee by that body which gives the graveſt harmonick 
g |! ſound; for fince in every octave, the time of the 
al eighth is of the time of the baſe note, if 3 be raiſed 
es up to the 12th power, it will exhibit the time of thi 


3 * 


ft 3 fhrilleft. ſound, that af the grayeſt being unity ; bnt 

te the 12th power of 3 is the 4069 part of an unit; 
| conſequently, the time of the ſhrilleft ſound that 

s, | J which produces it, is to-the time of the graveſt har- 

ds | J -monick found, and of the vibration hereby it -is 

at produced, as 1 to 4096; but the times of the vi- 

al 5 brations of two bodies are inverſly, as the numbers 

te of vibrations which. they perform in a given time; 

et conſequently, the body which gives the ſhrilleſt 

is Fi ſound performs 4096 vibrations in the ſame time 

te [| that the body which gives the graveſt harmonick 

in {| found performs one;. and foraſmuch as Mr, Sau- 

5 Þ' vio tine found by ſome experiments which he 

he made on organ pipes, of which I ſhall give you an 

ch account in my next lecture, that a body which 

he gives the graveſt harmonick ſound, vibrates-twelve 

es, times and a half in a ſecond, the fhrilleſt ſound- 

in ing body muſt perform 51100 yibrations in the ſame 

be time; which argues great ſwiftneſs in the vibrating 

Ge ff Pits; and gets arent. ee mathing exara; 

118 ordinary or ſurpriſing in it, if compared with the 
of velocity of ſome other motions; for if we ſuppoſe 
of dhe parts in each vibration to run thro? a ſpace equal 

ch to the roth part of an inch, tho? it is highly pro- 

re, {i bable, chat the lengths they run are much ſhorter ; 

nd | on an 
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Lscr, and if we ſuppoſe them to move with the ſame velo- 


XVII. 


Ws 


gether, and vibrate in equal times, it is manifeſt, 


city during the whole time of their mation ; it fol- 


' lows, that they are carried at the rate of 425 feet and 


10 inches in a ſecond; conſequently, they do not move 
with much more than two third parts of the velocity 
wherewith a ball flies from the mouth ofa cannon. 
The fifth and laſt property of the pulſes is, that 
they may be propagated together in great numbers 
from different bodies, without diſtyrbance or con- 


fuſion; as is evident from conſorts, wherein the 


ſounds of the ſeveral inſtruments are conveyed diſ- 


tinctly to the ears of the audience; as they move 
along, ſome of them coincide and ſtrike the drum 


of the ear at one and the ſame time, and thereby 
excite a ſmooth regular motion, that is pleaſing 
and agreeable; whilſt athers which do not mix 
and unite, at leaſt not frequently, ſtrike the ear at 
different inſtants of time, and thereby diſturb each 


other's motion, ſo as to render them harſh, grat- 


ing and offenſive. And hereon depends almoſt 
the whole of concords and diſcards in muſick; 
ſuch ſounds, generally ſpeaking, being deemed 
concords, as are e by pulſes which have fre- 
quent coincidences; and on the other hand, ſuch 
ſounds being called di/ſcords, as ariſe from pulſes 
wah comecide but rarely,  _ i - . 
Ihe frequency or infrequency of the coincidences, 
depends on the proportions which the intervals of 


the pulſes bear one to another; as I ſhall ſhew you 


in relation to the ſeveral notes in an Gctave; in do- 
ing of which, inſtead of the pulſes and their inter- 
vals, I ſhall conſider the vibrations of the bodies 
which excite the pulſes, and the times of thoſe vi- 
brations; becauſe the number of pulſes is' always 
equal to the number of vibrations in the Toundin 
bodies, and the intervals of the pulſes proportional 
to the times of the vibrations, „ 
If two vibrating bodies begin their motions to- 


that 


6544 7 


the body which ſounds the baſe note. 
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that their vibrations muſt keep pace together, and 
conſtantly coincide.” But if the vibrations be per- 
formed in unequal times, it is plain, that they can» 
not conſtantly keep pace together; for which reaſon 
ſome of them only will coincide; and thoſe which 


Lecr. 
k - N | 


are may be determined from the times of the vibra- 


tions; for ſince the numbers of vibrations, which 
are performed in a given time, are inverſly as the 
times of the vibrations, if the numbers which ex- 
preſs the times of -the vibrations bf two bodies be 


taken reciprocally, they will exhibit the coincident 


vibrations of the reſpective bodies, For inſtance, if 


the time of the vibrations of one body, be to the 
time of the vibrations of another, as 8 to 9, which 


is the caſe of two bodies, whereof one ſounds a ſe- 
cond or tone major to the other, every ninth vibra- 
tion of the former coincides with every eighth of 
the latter. So again, jf the times of the vibrations 


be to one another, as 5 to 6, which is the caſe, 


where one body ſounds a leſſer third to the other, 

every ſixth vibration of the former falls in with 

every fifth of the latter. ' | 
In this ſcheme, I have + Eight. | 

ſet down thoſe fractional n Greater ſeventh. 


numbers which "expreſs 4+ Lefer ſeventh. 
the proportions that the + Greater ſixth, 

times of the vibrations of ; Leſſer ſiutb. 

thoſe bodies, which found 4 Fifth. 

the ſeveral notes in an '& Fourth. 

octave, bear to the time ; Greater third. 


of the vibration of that + Leſer third. 
body which ſounds the Second or tone major. 
baſe note; by the help of x Baſe note, 
which numbers the coo ' I 
incident vibrations may be readily diſcovered. For 
in each fraction, the denominator exhibits the coin- 
ciding vibration of that body which ſounds the 
note, and the numerator the coinciding vibration of 


Having 
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Laer. - Having thus explained. the nature and properties 
VI. — of ſound, 1 come now to give yo an account of 
" the VIBRATIONS | of Muster ST], and to 
ſhew you in what . timesbfthe.vibra- 
tions are varied, by varying the length, thickneſs, 
or tenſion of the firings; and in order therato, I l 
lay down the following PAO DS. 


Ply. Let an elaftick ring & A BB, faſtened 47 A, yo 
Fig. 13. paſſing over a ſmall pin or pulley at B, be firatched by 
an appending — — as P, (ubiab I Hall catkthe tend. 
ing farce); and a force applied at the nuddle paint C 
(which I ſhall call ibe inſlecting ſorce), let it he 
drawn into the poſition ADB, if the difance i between 
C and D be exceedingly ſmall in proportion to the length 
of the ring, or, to ſpeak in the mathematical phraſe, - 
7. CD beg naſcent quantity, the inflecting force wilt 
0 meafured by a reftangle under the ſpace CD, and 
the tending : pee applied to the -length «of the ering. 
For fince the-tending force as upon the ſtring in 
the direction DB, it may be denoted by that line, 
and being ſo denated, it may be reſolved into tua 
2 whereof one acts in pulling the ſtring hori- 
zontally in the direction CB, and is therefore to be 
exprel 10 by CB; whilſt the ather acts in drawing 
the ſtring rpendicularly upward-from .D towards 
C, and is therefore to be expreſſed by the line DC, 
ſo that that portion of the. tending .farce which acts 
in moving the ſtring upward, 'is/to4he-whote-force, 
as DC ta DB; or, becauſe D and C are ſuppoſed 
to be indefinitely near, as DCita CB; but-the force. 
which acts in drawing the ſtring, upwari, is equal 
to the inflecting force, becauſe they balanoe each 
other; conſequently, the inſlecting N is to the 
tending force, as D to CB; and turning this 
analogy into an equation, by multiphing the ex- 
treams and means, and then dividing by CB, we 
ſhall have the inflecting force equal to a rectangle 
under the tending force, and the-line CD, applied 
$2 
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aſmucli as whole quantities are in proportion as their 


to half the length of ehe ſtring; and therefore, for- LISTS 


27t 


3 


halves, Ahe inſlefting furce will be as a-reQtangle un- 


der the tending force and the line CD, applied to 
the langth of the ſtring; ſo that putting F for the 
inflecting ſorce, P for the tending force, S for the 
0 Uno CD; and L. for the length-of the firing, F is. as 


. Hence it follows that if P and L, that is, if 


the tending force and length of the firing be given, 
the inflecting force is as the line CD, as will appear 
from the followin experiment. 

Loet a ſmall bras wire three feet long, faſtened _ at 
one end, and paſſing over a pin ſo as that when ſtretch. 
ed it maybe in an horizontal poſition, be tended by 


a weight of three pounds; and let half an ounce, 


and an.qunce, be appended ſucceſſively to the mid- 


dle of the wire; in the former caſe, the point of 


= ſuſpenſion will be:drawn down th parts of an inch, 
and in the latter . 
Since che farce which-infleQs the ſtring of a given 
length. and tended hy a. given force, is as the ſpace 
--CD, theo? which the bring is bent; the force where. 
with the ſtring reſtores itſelf, muſt «likewiſe be as 
CDy becauſe the reſtitutive force i is in all caſes equal 
10 the inflecting force; eonſequently, the point D 
is carried towards C, by a force tha varies with the 
- diſtanee; and therefore, Whatever be the diſtance at 


which it begins its motion, the time wherein it ar- 


rives at C will ſtill be the ſame; as I proved in my 
lecture · on the pendulum. Whence it follows, that 
the vibrations of one and the ſame ſtring, whether 
they be through larger or imaller paces, are all 
performed 1 in equal times. 
If. L and 8 be given, u 0 55 that is, if the 
| length of the firing,. and the ſpace thro* which it is 
bent be given, the inflecting force is as the tending 


1 3 or, in other * one and the ſame ſtring 


being 
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being tended by different forces will upon the in⸗ 
flexion be drawn down equal ſpaces by infleQing 
forces, which are to one another in the ſame pro- 
portion with the tending forces. ME OPERA 

Let the ſame wire as before be tended by a 
weight of ſix pounds, and it will require one ounce. 
to draw it down -£;ths of an inch, and two ounces 
to draw it down -*;ths; whereas, when it was tend- 
ed by a weight of three pounds only, it was drawn 
down the ſame ſpaces by half an ounce, and an 
ounce. ltd 


If P and 8 be given, F is as +; that is, if the 


force which tends the ſtring, and the ſpace through 
which it is bent be given, the inflecting force is in- 
verſly as the length of the ſtring; or, in other words, 
if ſtrings of different lengths be tended by equal 
forces, they will be drawn through equal ſpaces by 
inflecting forces, which are to one another inverſly 
as the lengths of the ſtrings. 

Let a ſmall braſs wire a foot and half long, be 
tended by a weight of three pounds, and it will re- 
quire an ounce to bend it down Fths of an inch, 
whereas half an ounce was ſufficient to give the ſame 
bent to the wire which was of a double length, and 
under the ſame tenſion. | 2 Ot $63. 


The time of a vibration of an elaſtick firing is mea, 
ſured by a rectangle, under the length and diameter of 
the ftring, applied to the ſquare root of the tending 
force. For if, as in the caſe of gravity, we ſuppole 
the force wherewith the inflefted ſtring reſtores 
itſelf to act uniformly, as we ſafely may becauſe 
the ſpace thro' which it acts is exceedingly ſmall; 
then the motion generated will be as a rectangle 
under the force and the time of its acting; ſo that 
putting M for the motion, F for the reſtitutive 
force, and T for the time of its acting, M is as 

| F T; 
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FT; but the motion is as the quantity of matter 
moved into the velocity wherewith it moves; and 
in this caſe, the quantity of matter is as a product 
under the length of the ſtring, and the ſquare of 
its diameterz wherefore, putting D, L, and V, to 
denote the diameter, -length, and velocity, F T is 
as DLV; and dividing both ſides by F, T is as 
* — but the reſtitutive force of the ſtring be- 
ing equal to, the force which inflects it, and that 


. | SP = ; 
having been proved to be as T, wherein 8 denotes 


the ſpace thro? which the ſtring is bent, P the tend- 
ing force, and L the length of the ſtring; if in- 
ſtead of F we ſubſtitute T. T will be as P 
but the velocity applied to the ſpace is inverſly as 
I 


* * V * 
the time, that is, F is as 5 


; and therefore, in- 


ſtead of that, ſubſtituting this, and multiplying 
| ; + hg 


both ſides by T. we ſhall have T“, as 


2 
: DL 

and therefore extracting the root, T is a8 5 
F 


that is, the time of a vibration, is as a rectangle 
under the diameter and length of the ſtring, applied 
to the ſquare root of the tending force. 

Hence it follows, that if D and P be given, T is 
as L; that is, if the diameter of the ſtring and the 
tending force be given, the time of the vibrations 
varies with the length of the ſtring; as is manifeſt 
from the diviſion - of the monochord, wherein the 
parts of the chord which ſound the ſeveral notes in 
an octave, have the ſame proportions to the whole 
chord, that the times of the reſpective notes have 
to the time of the baſe note; as for inſtance, one 
half of the chord ſounds an oQave to the whole, 
whoſe time is one half of the time of the baſe note þ 

an 
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And 3 of the chord found a fifth, the tie uhertef 
n of the baſe time of the note, and ſo of all the 


IP and L be given, then T is as D; that is, 
If the tending force and length, of the ſtring be 
given, the time of the vibration is as the diameter 
of the ſtring; as will appear, if two wires of equal 
lengihs be tended by equal weights, the diameter 
of one being the goth part of an inch, and that of 
the other the 45th part; for the former will ſound 
an ectave to the latter. | | 1 
If. D and L be given, then T is inverſſy as the 
Iquare root of P; that is if the diameter and length 
of the ſtring be given, the time of the vibration is 
inverſly as the ſquare root of the: tending force; as 
will appear, if eleven wires equal as to length and 
thickneſs, be tended by.weights, whoſe ſquare roots 
are te one another inverſly as the times of the notes 
in an oQave; for the wires ſo tended will ſound the 
reſpective notes. 5 


 Fighth - » » -» - 
Greater 3 1 
Leſſer ſeventh - < 
Gant for - — 
Leſer fert 
_—__ . 
Four th 4. oc. 
Greater third $5 
Leffer third e 
Tone major, or ſecond - 
Baſe note 


- 210 N 
- 194 
- 166+ 
- 1532 
© 135 
1067 
- 93 . 
- 86 
® 75rr 
- 60 


dee thy pouuyu doo. 


In the left hand column of this table, the 
numbers expreſs the-fimes of-the ſeveral notes; and 
the numbers in the right hand column, expreſs the 
weights in ounces, whereby the wires which ſound 
the reſpective notes art tended; the PO .o 
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which weights, are to one another inverſly as the 


times of the reſpeQive notes; as for inſtance the 
weight which tends the ſtring that ſounds the octave, 


is to the weight whereby the ſtring that ſounds . the 
baſe note. is tended, as 4 to 1, whoſe ſquare roots 
are as 2 to 1, that is, inverſiy as the time of the 


octave, - the. time of: the bale note; and ſo of all 


the reſt 
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N my laſt lecture, wherein I treated of that mo- Lzcr. 


li tion of the air, which is productive of ſounds, 
I ſhewed you, that each particle of air in going for- 
ward and returning back, is twice accelerated, and 


as often retarded; but I did not then enquire into 
the law of that acceleration and retardation; 1 


likewiſe told you, that all the pulſes of the air move 
equally ſwiſt, the demonſtration. of which, I pro- 
miſed to give you in this lecture. 


Now Sir Is AG NRW Tron, having in a moſt ele- 
Bot manner, in the 47th propaſition of the Second 


of his Pe inciples; demonſtrated that each parti- 


cle of air, during its vibratory motion, is accelerated 


and retarded, in the very ſame manner as a pendu- 


lum vibrating. im a cycloid; and having likewiſe; in 


the 49tk and roth Propoſitions of the ſame book, 


determined the velocity of ſound, I ſhall in, this 
lecture lay before you what he bas ſaid, in relation 
both to the one and the other, in the cleareſt light 


that Lam able. 
As to the firſt; let the line AB denote the length 


of a pulſe ; or that ſpace thro? which the motion of Fi We 1. 

the air is propagated, during the time that a par- 

ticle. performs its vibration, by going forward and 
returning 


Conran, 
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Lac. returning back; and let E, F and G, be three par- 
XVIII. ticles, or phyſical points of air ſituated in the right 
line at equal diſtances, and at reſt; and let EQ, 
FR, and G T, be three equal, but exceedingly ſhort - 
ſpaces, thro* which theſe particles go and return in 
their vibrations; which ſpaces tho* they be here 
taken of ſome length to avoid confuſion in the 
ſcheme, are in reality ſo exceedingly ſmall, as to 
bear no proportion to AB the length of a pulſe. 
Let x, y, and 2 denote any intermediate points, 
in which the particles are found during their motion 
forward or backward. Let EF, and FG be ſmall 
phyſical lines, or little portions of air, fituated in 
ſtrait lines between thoſe phyſical points; which 
fg 5. lines are ſucceſſively moved into the places xy, yz, 
g· 2. | | : . | 
Fig. 1, and QR, RT. Let the right line PS, be drawn 
equal to EQ, and on that line as a diameter, let 
the circle SIPi be deſcribed; and let the circumfe- 
rence of that circle denote the time of the vibration 
of a particle, and the parts of the circumference, 
the proportional parts of the time; ſo as that after 
any time as PH, or PHSh, if right lines as HL 
and hl be drawn from the points H and h perpen- 
dicular to SP, and Ex be taken equal to PL, or 
Pl. 8. Pl, the particle E may be found at x. By this 
Fig. 2. means the particle or phyſical point E, in moving 
forward thro' x to Q, and thence back again thro? 
x to E, will be accelerated and retarded, in the 
ſame manner with a pendulum vibrating in a cy- 
cloid; inaſmuch as in my lecture on the pendulum, 
I ſhewed you, that the ſpaces deſcribed by ſuch a 
pendulum, and the times of deſcribing thoſe ſpaces, 
are (as we have now ſuppoſed them to be in the 
caſe of the air's — as the verſed fines and 
arches of a circle, whoſe diameter is equal in length 
to the whole cycloid. 5100 
Now, in order to prove that the ſeveral little por. 
tions of air are agitated in the forementioned manner 
by 
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by their elaſticity, which in this caſe is the true 
moving cauſe, let us ſuppoſe them to be ſo moved 
by ſome cauſe or other, be that cauſe what it will; 
and their elaſticity will be found to be ſuch in eve- 
ry point of their progreſs and return, as muſt of 
neceſſity produce in them the ſame degrees of ac- 
celeration and retardation, that gravity does in a 
pendulum vibrating in a cycloid.  - 
In the circumference of the circle, let the equal 
arches H I and I K, or hi and ik, be taken, bear- 
ing the ſame proportion to the whole circumference, 
that the little right lines E F and F G do to AB the 
length of a pulſe; and drawing the lines IM and 
KN, or im and kn perpendicular to PS, inaſmuch 
as the points or particles E, F and G, are moved 
in the ſame manner ſucceſſively one after another, 
the motion beginning with E, and each of them 
performs its entire vibration, in going forward and 
returning back, in the ſame time that the motion 
is propagated thro? a ſpace equal to AB, the length 
of a pulſe; if PH or PHSh denotes the time from 
the beginning of E's motion, PI, or PHS1, will 
denote the time from the beginning of F's motion; 
and in like manner PK, or P HSk, will denote 


the time from the beginning of G's motion. And 
if the points E, F and G be found at x, y and 2; 


the lines Ex, Fy, and Gz, in the firſt figure, will 
be reſpectively equal in the ſecond, to PL, PM, 
and PN, in the progreſs of the points; and in 
their return, equal to Pl, Pm, Pn, thoſe being the 
verſed ſines of the arches which denote the times. 
Whence it follows, that xz, which is equal to the 
difference between Ex, and the ſum of EG and Ga, 
is in the progreſs of the points, equal to EG 


LN, and to EG+In in the return; but xz is as 


the expanſion of the little portion of air EG, when 
it is in the place xz; conſequently, that expanſion 


is to the mean ordinary expanſion, or that expan- 
a ſion 
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ſion whleh it has when, at, a n it is 705 into 
its vibratory motion; as EG N, to EC * 
that portion of air in going forward i is . 
the place xn; and it is 26 EG In; or, becauſe 
EN and In are equal, as E Gg. N, to EG, when i 
the portion of air in returning back, is found in 
the ſame place. Let now ID. be drawn, Hoem — : 
point I, perpendicular to- HL, and the naſcent. tri⸗ 
angle HI, will be ſimilar to the bene OIM, 
becauſe the angles at D and. NM are ht ones, and 
the angles at L are equal, as being each of them the 
eomplement of one and the — 1 DIO, to a 
right one; conſequently;. DI, or its equal LM, is: 
to HI, a IM to the radius Ol, equ al to OP; and 


double EM equab to LN, is to double HTLequal 2 


HK, as. IM to OP; and by the conſtruction, H 
is to EG, as the circumference of the circle to AB; 
or putting R fer the radius of a circle, whoſe cir- 


eumference is gk to AB, as OP to R; whence 5 


ve HK = 55 | 
cphing thaſ equations e we- ſhalt: have 
: = = SY and. refolving this- hure am analogy, : 
we ſhall have I. N.: E Gf 1M : 'R;,. and of 
courſe by ſabſtituting I'M and R, in the places of 
LN and EG, the expanſion of the ſmall portion 
of air EG, or of the phyſteal point F, whey i m the. 
place xz ory, is to its: mean ordinary expanſion;, 
as R—IM._ to R, in its going forward, and as. 
R+im to R, in its returning; and foraſmuch a8 


its elaſticity is inverſſy as its expanſion, its elaf- 


ticity, when a . ths bein y, is to its ordinary, 
elaſticity, s A to 4 in eee 


its regreſs in- robe Hows point, as = to 11 
; - 64.4 3 and 
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and by the ſame way of arguing, the elaſtick forces 


dinary elaſticity as IT- and DNN to ; and 


by ſubducting the latter of theſe quantities from 


the former, the difference of thoſe forces will be as 
HL—KN 1 


r rr © 7 0 


rejecting all the terms of the diviſor except the firſt, 
as being indefinitely ſmall with reſpect to that, as 
HL—KN | 3 1 * ; 8 a y 44 Yo 
1 to. ; or, multiplying both ſides by 
R, as HL—KN to R; but foraſmuch as R is a 
given quantity, HL—KN is as unity; conſequently, 
the difference of the forces is as H ILK N. But 


from the ſimilarity of triangles, H ILK N is to 


HK, as OM to OI or OP; conſequently, ſince 
HK and OP are given, HL—KN is as OM; or 
becauſe S P and E 
in C, as cy. And by the ſame way of reaſoning, the 
difference of the elaſtick forces of the ſame points, 
when in their return they are found at x and z, is 
as the fame cy; but that difference, or the exceſs 
of the elaſtick force of the point x above the elaſ- 
tick force of the point z, is the force by which the 


little line or-portion of air xz, which lies between 


thoſe points is accelerated in its progreſs; and on 
the other hand, the exceſs of the elaſtick force of 
the point z above that of the point x, is the force 
by which the ſame little line or portion of air is ac- 


Q are equal, if EQ be biſected 


celerated in its return; ſo that the force by which 


that little portion is accelerated, is every where as its 


diſtance from C, the middle point of its vibration; 


conſequently, during its vibratory motion, it muſt 


_ be accelerated and retarded in the ſame manner with 


a pendulum vibrating in a cycloid; inaſmuch as I 


proved in my lecture on the pendulum, that the 
T 


force 
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XVIII. tioned manner, is every where as its diſtance from 


* 


the middle or loweſt point of the vibration. And 
what has been thus proved of the little portion EG, 
is in like manner demonſtrable of every other little 


portion of air, through which the motion is propa- 


gated 5 


As to the velocity of ſound, or what amounts to 


the ſame thing, of the pulſes of the air, if a pendulum 


be made equal in length to the height of an homo- 


geneal atmoſphere, whoſe weight is equal to that 
of our atmoſphere, and its denſity the ſame with 
that of the air at the ſurface of the earth; which 
height is, as I ſhewed you in a former lecture, equal 


to 29725 feet, and which I ſhall now denote by the 
letter H; in the ſame time that ſuch a pendulum 


_ performs an intire vibration by going forward and 


returning back, a pulſe of the air will move thro' 


' a ſpace equal to the circumference of a circle de- 
ſcribed with the radius H. For if the little portion 


of air EG, vibrating through a ſmall ſpace as P'S, 


be acted upon at P and 8, the (extremities of the 
ſpace through which it vibrates by an elaſtick force 


equal to its gravity, it will perform its vibrations 
in the ſame time that it would in a cycloid whoſe 


length is equal to PS; becauſe equal forces muſt of 


neceſſity move equal bodies through equal ſpaces in 
equal times. Since then, the times of vibrations are 
in the ſubduplicate ratio of the lengths of the pen- 


dulums, and the length of any pendulum is equal to 


half of the cycloid, wherein it vibrates; the time in 


which the ſmall portion of air would vibrate by the 


force of its gravity in a cyeloid equal in length to 
PS, muſt be to the time of the vibration of a pen- 
dulum whoſe length is H, in the ſubduplicate ratio of 


PO to H. But the elaſtick force which acts upon 


the little portion of air in the extream points P and 
8, was proved to be to its whole or ordinary elaſtick 
| force, 
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force, as HL—KN to R; that is, in the caſe be- Lzcr. 
fore us, where the point K coincides with P, as XVIII. 
H K to R; for upon the coincidence of K and P. 
K N vaniſhes, and HL, which in this caſe is their | 
difference, becomes the fine of H K, and equal to 

it, inaſmuch as HK is a naſcent arch. And the 
whole elaſtick force of that little portion of air, or, 
which is the ſame thing, the weight which com- 
preſſes it, is to its own weight, as the height of the 
homogeneal atmoſphere or H, to the ſmall line 

E G; whence putting e to denote the elaſtick force, 

which agitates the ſmall portion of air in the extream 

points of its vibration P and 8, and u for its weight, 

W for the whole elaſtick force, or the weight 

of the compreſſing atmoſphere, and reducing the 

two laſt analogies into equations, we ſhall have 


HE: 4 W E W 
V, and = f; whence multiplying 


* „ HEN. rr rr F r oF 
ESA. ne EAR 8 rn = Fe 7 gz 8 


the two middle terms together and likewiſe the 
| „ 


extreams, we ſhall have = CFO i and by 


ſubſtituting PO and R for HK and E G, to which 
| | —H 
they are proportional, =— is equal o that 


is, by reſolving this equation into an analogy, the 
elaſtick force which agitates the little portion of air 
in the extream points of the ſpace through which it 
vibrates, is to its weight, as PO+H to R* ; ſince 
then, from the nature of motion, the times where- 
in equal bodies are moved thro? equal ſpaces, are 
reciprocally in the ſubduplicate ratio of the moving 
forces, it follows, that the time wherein the little 
rtion of air performs its vibration by virtue of 
the elaſtick force denoted by e, is to the time 
wherein it can vibrate thro' an equal ſpace by the 
force of its gravity, in the ſubduplicate ratio of R 
to PO+H, and of courſe, to the time of the vi- \ 
bration of a pendulum whoſe length is H, in a ratio 
| | þ wt compounded 
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LECT. compounded of the laſt-mentioned ratio, and of the 
In. ſubduplicate ratio of PO to H; that is, as R. O 
» to HPO; that is, by dividing by PO, and extract- 

ing the ſquare roots in the ſimple ratio of R to H. 
But in the time that the little portion of air per- 
forms one vibration by going forward and returning 
back, the pulſe is carried through a ſpace equal to 
AB; conſequently, the time in which a pulſe moves 
from A to B, is to the time in which a pendulum 
whoſe length is H, ſwings forward and backward, 
as R to H, or as BC, the circumference of a cir- 
cle whoſe radius is R, to the circumference of a 
circle whoſe radius is H; but the time of the pulſe's 
motion from A to B, is to the time in which it 
moves through a - war equal to the circumference of 
a circle whoſe radius is H, in the ſame proportion; 
wherefore, in the ſame time that a pendulum whoſe 
length is H, ſwings forward and backward, a pulſe 
will move thro? a ſpace equal to the circumference 
of a circle whoſe radius is H, which was the thing 
to be proved. p 2 

As a Corollary it follows, that the pulſes move 
with ſuch a velocity as a heavy body acquires in 
falling down half the height denoted by H; for in 
the ſame time with the fall they will, with a velo- 
city equal to that acquired by the fall, deſcribea 
ſpace double that of the fall, that is, a ſpace equal 
to H; and of conſequence, in the time that the 

pendulum vibrates forward and backward, they will 
run through a ſpace equal to the circumference of 
a circle whoſe radius is H. For, in my lecture on 
the pendulum, I ſhewed you, that the time of the 
fall thro' half the length of the pendulum, is to the 
time of one vibration, as the diameter of a circle 
to its circumference; and of courſe, to the time of 
a double vibration, as the radius to the circumfe- 
rence. Since then it has been. proved, that the 
pulſes move with ſuch a velocity as carries them 
thro* a ſpace equal to the circumference of a circle 
whoſe 
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whoſe radius is H, in the ſame time that a pendu- 
lum whoſe length is H, performs a double ſwing; 
and ſince it appears that the velocity acquired by a 
heavy body in falling down half the height H, will 
carry the pulſes through the ſame ſpace in the ſame 
time, it 1s manifeſt, that they move with that velo- 


city. g 


As a ſecond Corollary it follows, that the velocity 
of the pulſes is in a ratio compounded of the ſubdu- 
plicate ratio of the air's elaſticity directly, and of 
the ſubduplicate ratio of its denſity inverſſy; for 
ſince the velocity wherewith they move, is ſuch as 
a body acquires in falling down half the height H, 


and ſince the velocities acquired by falling bodies, 


are in the ſubduplicate ratios of the heights from 
which they fall, it is manifeſt, that the velocity 
of the pulſes is as the ſquare root of H, but the 
height H, is directly as the air's elaſticity, and in- 


verſly as its denſity; conſequently, the velocity of 


the pulſes is in the ſubduplicate ratio of the air's 
elaſticity directly, and the ſubduplicate ratio of its 


denſity inverſy. Whence it appears, that the ve- 


_ of the pulſes is given, foraſmuch as, agteris 


_ paribus, the elaſticity is as the denſity. In the winter 


time indeed, the motion of the pulſes it ſomewhat 
ſlower than in ſummer, becauſe the coldneſs of that 
ſeaſon does in ſome meaſure weaken the elaſticity, 
and at the fame time increaſe the denſity. From 


what has been ſaid, the ſpace through which ſound” 


moves 1n any given time, may readily be determin- 
ed; for ſince it is known by experience, that a pen- 
dulum 39 inches long, performs a double vibration 


by going forward and returning back in two ſeconds 


of time, a pendulum whoſe length is H, that is 


29725 feet long, will perform a like double vibra- 


tion in 1904 ſeconds; conſequently, in that time 
ſound will move thro” a ſpace equal to the circum- 
ference of a circle whoſe radius is 29725 feet; that 
is, it will move through 186768 feet, which being 


divided 
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Lect» divided by 1903, gives a quotient of 979 feet, for 
I the ſpace thro' which ſound moves in one ſecond of 
| time. But it muſt be obſerved, that in this com- 
putation no regard has been had to the thickneſs of | 
* the ſolid particles of air, thro' which ſound is pro- 
pagated in an inſtant; if that therefore be allowed 
for, the velocity of ſound will come out greater in | 
the proportion of about ten to nine; for ſince the 
ſpecifick gravity of air is to that of water, as 1 to i 
870, if we ſuppoſe the particles of air to be equally | 
denſe with thoſe of water, and that the greater ra- - 
rity of air is owing to the greater interval between 
its particles, it follows, that that interval is about 
nine times as great as the diameter of a particle; 
conſequently, a tenth part of the ſpace thro” which 
ſound is propagated is poſſeſſed by the particles of | : 
air; if therefore to 979 feet, which is the ſpace | 
thro? which ſound would move in a ſecond, in caſe 2 
the particles of air had no magnitude, we add a 
ninth part, or. 109 feet more on account of the 
thickneſs of the particles, we ſhall have 1088 feet 
for the ſpace thro? which ſound is carried in a ſecond 
of time. Beſides, as there are vapours diſperſed 
through the air, which being of a different tone and 
elaſticity, do not partake of that motion of the true 
air by virtue whereof ſound is propagated, the 
moving cauſe having on that account fewer particles 
of matter to agitate, muſt of neceſlity give them a 
greater velocity; and from the nature of motion it 
is evident, that the velocity will be greater in the 
inverſe ſubduplicate ratio of the quantity of matter 
to be moved; that is to ſay, if we ſuppoſe the at- 
moſphere to conſiſt of ten parts of true air, and 
one part of vapours, the motion of ſound will be 
uicker in ſuch an atmoſphere, than in an atmoſ- 
phere conſiſting intirely of true air, in the ſubdupli- 
cate ratio of 11 to 10, or in the ſimple ratio of about 
21 to 20. If therefore the velocity laſt found be 
augmented in that proportion, we ſhall have 1 lm 
cet 
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feet for the ſpace through which ſound moves in one Lzcr. 


ſecond of time; and this agrees with the moſt accu- 
rate experiments that have been made, for diſcover- 
ing the velocity of ſound, | 

The ſpace thro? which ſound moves in a ſecond 
of time being thus diſcovered, the length of the 


- 


pulſes. excited by the vibrations of a ſounding body 


may likewiſe be found, provided the number of 
vibrations performed by the ſounding body in a 

iven time, can by any method be determined; for 
Face each vibration excites a new pulſe, all that is 
requiſite to be done, is to divide 1142 by the num- 
ber of vibrations which the ſounding body performs 
in a ſecond, and the quotient will expreſs the length 
of a pulſe in feet. Now, the number of vibrations 
which a ſounding body performs in a given time, 
has been determined by Mr. SauveuR, in the fol- 


lowing manner: Muſicians having frequently 


* obſerved, that if two organ pipes which are near- 


<« ly uniſons, be made to ſound together, there are 


ec certain inſtants of time, and thoſe, as well as 


„ they can be judged of by the ear, at equal inter- 
“ vals, wherein their joint ſound is ſtronger than 
cc jn the intermediate times.“ This, Mr. SauvxuR 
with great appearance of reaſon, thinks is owing to 
the coincidence of their vibrations at thoſe inſtants; 
for when by the coincidence of their vibrations, 
they ſtrike the ear at one and the fame inſtant, 
they muſt needs make a ſtronger impreſſion upon 
it, than when they ſtrike it ſeparately one after an- 

his for granted, he by the help of 
a pendulum, took the time between two ſucceſſive 
coincidences in the vibrations of two pipes of con- 
ſiderable lengths, and nearly of the ſame tone ; he 


made choice of long pipes, becauſe the coincidences 


of their vibrations are rarer, and conſequently, the 
intervals between the coincidences. are more eaſily 


meaſured, in long pipes than in ſhort ones. Hav- 
ing thus found the time which paſſed between two 


ſucceſſive 
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Lect. ſucceſſive coincidences, he readily found the num- 

Ill. per ot vibrations performed by each pipe in the 

| ſame time, they being inverſly as the numbers ex- 
preſſing the proportion of the tones of the pipes; 
as for inſtance, if the time between two ſucceſſive 
coincidences was found to be the ſixth part of a ſe- 
cond, and the numbers which expreſſed the propor- 
tion of the tones of the pipes were 45 and 46, the 
Tonger pipe performed 45 vibrations, and the ſhort- 
er 46, in the ſixth part of a ſecond. From theſe 
experiments he found, that a pipe, whoſe length 
was about five Pariſian feet, had the ſame tone with 
a ſtring that vibrates an hundred times in a ſecond; 
conſequently, of the pulſes excited by rhe founding 
of ſuch a pipe, there are about one hundred in 
the ſpace of 1142 Engliſh, or 1070 Pariſian feet; 
and of courſe, the length of one pulſe is about 10 

Fariſian feet and,7;ths, that is about twice the length 
of the pipe; whence it is probable, the lengths 
of the pulſes excited by the ſoundings of open 
pipes, are in all caſes equal to twice the-length of 
the pipes. . 

In a former lecture, ſpeaking of the increaſe 
which motion received by being communicated 
from a ſmaller elaſtick body to a larger, I took oc- 
caſion to give a reaſon for the augmentation: of 
ſound in ſpeaking trumpets; I ſhall cloſe this lec- 
ture, by accounting for it from the nature of -the 
pulſes of the air. From what has been ſaid in re- 
lation to the properties of thoſe pulſes, it is manifeſt, 
that the greater their condenſation is, the ſtronger 
is the found which they excite; now when the 
voice aQs upon a portion of air confined within a 
trumpet, it muſt neceſſarily make a ſtronger im- 
preſſion upon it, and of courſe condenſe it more, 
than when it acts upon it in an unconfined ſtate; in- 
aſmuch as in the former caſe, the force of the voice 
1s wholly employed in giving motion to that ſmall 
portion of air which lies within the trumpet, whereas 

| | in 
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; in the latter caſe, not only that portion of air is put 
in motion by the force of the voice, but likewiſe all 
\ that body of air which immediately ſurrounds it; 
| the air then in the trumpet being by reaſon of its 
| confinement, more ſtrongly agitated and more 

cloſely condenſed, than it would otherwiſe be, 
; muſt at the exit of the trumpet, communicate to 
the air without greater degrees of condenſation ; 
and of conſequence, produce a louder found, than 
could poſſibly be excited by the fame force of the 
voice, were it immediately impreſſed on the uncon- 
fined air. | — 1 01 
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F IGHT, whereof I intend to treat in this Lc. 

lecture, is a moſt ſubtile fluid, conſiſting of XIX. 
particles exceedingly ſmall, but of different magni- 
tudes, as ſhall be 4 5 hereafter; which are thrown 
off from luminous bodies by the vibrating motions 
of their parts, with a velocity ſurprizingly great; 
for they do not ſpend above ſeven or eight minutes 
; of an hour in paſſing from the ſun to the earth, as 
| was obſerved firſt by Mr. RoxER, Profeſſor of 
Aſtronomy to the late King of France; and after 
him by others, by means of the eclipſes of the ſatei- 
lites of JupirER; for theſe eclipſes, when the earth 
is between the ſun and JuriTzs, are obſerved to 
happen about ſeven or eight minutes ſooner than 
they ought to do by the aſtronomical tables; and 
| on the contrary, when the earth is beyond the ſun 
| with reſpe& to JurirER, they happen about ſeven 
or eight minutes later than they ought to do; ſo 
that in the later ſituation of the earth, they are ob- 
ſerved to happen fourteen or ſixteen minutes later 

than in the former ; foraſmuch therefore as the _ ; 

Ites 
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Lecr. lites cannot diſappear, but muſt- continue, viſible to 
IX the eye of an obſerver, tilt all that light which they 

SY” reflect before their immerſions has paſſed by the 
place of obſervation, it follows, that the refleted 
light of the fatellites ſpends fourteen or ſixteen mi- 
nutes in paſſing from one end of the diameter of 
the earth's orbit to the other ; and conſequently, 
half that time in moving from the ſun to the earth. 
Hence, if the diſtance of the ſun from the earth be 


o millions of miles, as it muſt be on ſuppoſition | 


/ that its horizontal parallax is twelve ſeconds of a 
degree, and ſuch the moſt accurate obſervations of 


the lateſt aſtronomers make it; then light moves 


at the rate of about 150 thouſand miles in a ſecond 
of time, and its velocity exceeds the velocity of 
ſound, in the proportion of above ſeven hundred 
thouſand to one. | 
The motion of light is in its own nature rectili- 
neal, as is evident from the ſhadows which all opaque 
bodies caſt when placed in the light of the ſun, or 
of any other luminous body; and yet the beams or 
rays of light in paſſing out of one tranſparent body 
or mediym into another of a different denſity, are 
bent and turned out of their way; or to ſpeak 
more properly, they are made to change the direc- 
tion of their motion; and this bending or change 
of direction is commonly called refradion ; and it 
has been found by experience, that the rays in paſ- 
ſing out of a rarer medium into a denſer, are bent 
in ſuch a manner as to be brought nearer to a line 
drawn perpendicular to the refracting ſurface at the 
point of incidence; and on the contrary, in their 
aſſage out of a'denſer medium into a rarer, they 
decline from the perpendicular. | 


* For the illuſtration of which, let A B repreſent | 


Fig. 3. a ray of light moving in air from A to B, and paſ- 
ſing into water at B, and let H K be perpendicular 
to the ſurface of the water at the point B; when 


the ray goes into the water, it does not continue its 
motion 


— —ñä L _—_ —_— 
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motion ſtrait forward in the line B C, but in ſome Laer. 


other line as BD, which is more inclined to the per- 
pendicular BK. And on the other hand, if the 
line DB be ſuppoſed to be a ray of light moving 
in water from D to B, and there paſſing into air, in- 
ſtead of continuing its motion in the direction BE, 
it goes on in ſome other direction as BA, which 


XIX. 


being leſs inclined to, is more diſtant from, the per- 


pendicular BH; as will appear from the follow- 
ing experiment. Let an empty veſſel as BC DE, 
have a ſmall object as A, placed at its bottom; and 
let it be ſo ſituated as that the ſight of the object 
may be intercepted by the ſide of the veſſel from an 
eye placed at Q; let then the veſſel be filled with 
water, and the ray AB, which before the pouring 
in of the water, moved in a right line from A to K, 
and by ſo doing paſſed above 5 eye, will upon its 


emerſion out of the water be bent downward, ſo as 


to ſtrike upon the eye, and thereby render the obje& 
TTT | Ds | 
This bending of the rays in their paſſage out of 
one medium into another, ſeems to be owing to the 
attractive force of the denſer medium acting upon 


the rays at right angles to the ſurface, as may ap- 


pear by conſidering the conſequences of ſuch an at- 

traction. | 
Let then A C be a ray of light moving from A 
to C, and there entring into a denſer medium, the 
ſurface which ſeparates the two mediums being de- 
noted by the line HK. The motion of the ray in 
the direction A C, being reſolved according to the 
known method into two, one in the direction A D, 
and the other in the direction A B or DC, whereof 
the former is parallel, and the later perpendicular 
to HK; it is manifeſt, that as the ray enters into 
the denſer medium at C, its perpendicular motion 
muſt be accelerated by the attraction, whilſt its pa- 
rallel motion continues the ſame; let then the line 
CG be taken in the ſame proportion to CD, that 
| | the 


_— 
> 


290 


Or LIGHT 


Laer. the velocity of the perpendicular motion after re- 
XIX. fraction has to the velocity thereof before the re- 


ſeems to be owing to the attractive force of the den- 


fraction; and foraſmuch as the parallel motion is 
the ſame before and after refraction, let C E be ta- 
ken equal to AD or BC, and letting fall E F equal 
and parallel to C G, and drawing the diagonal CF, 
the ray after refraction will deſcribe the line CF in 
the ſame time that it moved from A to C before the 
refraction; and foraſmuch as G F is equal to A D, 


LM, that is, the fine of the angle MC L, muſt be 


leſs than A D, the fine of ACD; conſequently, 
by the attraction of the denſer medium, the ray in 
paſſing into that medium is brought nearer to the 
perpendicular. 

Again, let F C denote the motion of a ray in the 
denſer medium from F to C, and let this motion 
be reſolved into two others, one in the direction 
FG orEC, and the other in the direction FE or 
GC, the former being parallel, and the later per- 
pendicular to HK; w 2. the ray paſſes into the ra- 
rer medium at C, the parallel motion does not ſuffer 
any change from the attraction; but the perpendi- 
cular motion is. retarded by the attractive force, 
which in this caſe acts in direct oppoſition to it; let 
then CD be to GC, as the perpendicular velocity 
of the ray in the rarer medium, to the perpendicular 
velocity thereof in the denſer; and let DA be 
drawn equal and parallel to FG, in order to denote 
the parallel motion of the ray aftef refraQtion ; and 
the diagonal C A will be the line deſcribed by the 
ray after refraction, in a ſpace of time equal to that 
wherein it deſcribed the line F C before refraction; 
and foraſmuch as A D is equal to GF, it muſt be 
greater than LM; conſequently, the angle ACD 
is greater than FCG; and therefore, the ray in paſ- 
ſing out of a denſer medium into a rarer, is by the 
attraction of the denſer medium bent from the per- 
pendicular; ſo that in both caſes, the refraction 


ſer 
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fer medium, acting upon the rays at right angles Lzecr. 
to its ſurface; and what farther confirms this opinion *! 

is, that the denſer any medium is, and conſequently © - 

the ſtronger its attraction, the greater, cæteris pari- 
bus is its refractive power; thus oil of vitriol, whoſe 
denſity exceeds the denſity of water in the propor- 
tion nearly of three to two, acts more forcibly than 
water on the rays of light, in bending and turning 
them out of their way; as will appear from the fol- 


neee let the ſixth figure repreſent a Exp. 2. 
0 


quadrant, whoſe radius A B is parallel to the hori- Pl. 8. 
zon; and let A be a ſmall coloured object, placed Fig. 6. 
on the limb of the quadrant at the extremity of the | 
horizontal radius; this being viewed through an 
empty glaſs veſſel as C, of a priſmatick form, placed 
at the center of the quadrant, with its refracting 
angle downwards, will appear in its real place at A. 
Let then the veſſel be filled with water, and let the 
object be raiſed on the limb of the quadrant as high 
as D, that is to ſay, to the height of fifteen degrees 
and twenty minutes, and the rays as DB, which go 
from it towards the priſm, will be ſo bent in paſſing 
through the water as to enter the eye in a direction 
parallel to the horizon, and repreſent the object as 
if placed at A. And the ſame thing will happen 
when the veſſel is filled with oil of vitriol, excepting 
only that the object muſt be raiſed to a greater 
height, ſuppoſe to E, ſo as to have an elevation of 
twenty degrees and eight minutes; which plainly 
ſhews, that the rays are more bent, and ſuffer a 
greater refraction under the ſame ' circumſtances 
From oil of yitriol, than they do from water. 


| Refractions 


fi. 8. 
Fig. 7. 
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Retradtions = by the ETD and Prima 

43 . tick veſſel. 3 5 

9 Denſity. D Press Sines. 
and min 

e "I © 15. 20 18. 

Oil of dil 1.497 20. 8 3442060 

| Salt water * 1.2 17455 3068029 
| "Spirit of hartſhorn 1. 011 FE 2756374] 
Spirit of wine 0.835 17. | 2923717 
Oil of turpentine o. 869 22.34 3837582 

| Oil of linſeed 0.939 * 3889277 


The denſer medium begins to attract the rays at 
ſome diſtance from its ſurface, and it acts upon 
them more and more forcibly in proportion as their 
diſtance from its ſurface leſſens; but, however, in 
what follows I ſhall ſuppoſe the attractive force to 
act witli the ſame vigour in all parts of the ſpace 
thro' which it extends itſelf; becauſe, as that ſpace 
is indefinitely ſmall, no ſenſible error will ariſe from 
If then C D be the ſurface of 
the denſer medium, and AB the ſpace thro' which 
the attractive force extends itſelf from A to B; a 
ray of light in paſſing from B to A will be accele- 
rated in ſuch a manner, as that the perpendicular 
velocity thereof at the point A will be equal to the 
ſquare root of the ſum of the ſquare of the perpen- 


ſuch a ſuppoſition. 


dicular velocity of the ray at its incidence on the 


point B, and of the ſquare of the perpendicylar ve- 


locity 
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the ſpace BA, the motion which it generates will 
as to its properties correſpond with the motion ari- 
ſing from gravity ; if therefore the triangle E GH 
be taken to denote the ſpace B A, G H will expreſs 
the velocity of a ray at A, on ſuppoſition that from 
a ſtate of reſt it begins its motion at B; but if at B 
it has a velocity. exprefſed by any right line as I K, 
parallel to G H, let the triangle be continued on till 
the portion IF LK becomes equal to E GH, and 
F l will expreſs the velocity of the ray at the point 
A; and foraſmuch as the triangle E F L, 1s equal 
to the ſum of the two triangles EGH and EIK, FL 
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Tocity which it would have at A, ſuppoſing it began Lac. 
its motion at B, from a ſtate of reſt. For ſince the XIX. 

'  attraGtive force is ſuppoſed to act uniformly through * - 


Pl. 8. 
Fig. 8. 


is equal to the ſquare root of the ſum of the ſquares 


of GH and IK; that is, the perpendicular velocity 
of the ray at A, is equal to the ſquare root of the 
ſum of the ſquare of the perpendicular velocity of 
the ray at its incidence on the point B, and of the 
ſquare of the perpendicular velocity which it would 
have at A, on ſuppoſition that it began its motion” 
at B from a ſtate of reſt. And this being ſo, the 
courſe and velocity of a ray of light after refraction, 
in paſſing out of a rarer medium into a denſer, may 
be determined in the following manner. Let Z be 
a rarer medium, and X a denſer, ſeparated by the 
common ſurface E F, on which let a ray of light as 
AC, fall obliquely, and let A C meaſure the velo- 
city of the ray in the rarer medium; which velacity 
is the ſame, whatever be the inclination of the ray, 
From the centre C with the radius C A, let a circle 
be deſcribed, in which let N M be drawn through 
the center perpendicular to EF, and from A let fall 
AQ perpendicular to EF, as alſo AO perpendicular 
to NC. The motion of the ray in the direction AC 
being reſolved into two others, one in the direction 
AO or QC, and the other in the direction A Q: 

Oc; thelins O C will meaſure the velocity of t 
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perpendicular motion; and therefore, if C be 
taken to denote the perpendicular velocity generat- 
ed by the attraction of the denſer medium, the line 
P O will meaſure the perpendicular velocity of the 


ray in the denſer medium; and foraſmuch as the 
velocity of the parallel motion is no way altered by, 


— Y 
the attraction, if CV be taken equal to QC, and 
VB be drawn parallel to C M, and equal to PO, it 
is evident, that the ray after refraction, will deſcribe 


the line CB, and that the velocity of its motion 


will be meaſured by that line. 


. . 


As a Corollary; from what has been proved it 


follows, that the velocity of the refracted ray in the 


denſer medium is no way varied by varying the in- 
clination of the incident ray; for the ſquare of BC 


being equal to the ſum of the ſquares of B V and 


CV, or of PO and AO, and the ſquare of PO be- 


ing equal to the ſum of the ſquares of CO and PC, 


the ſquare of CB is equal to the ſum of the ſquares 
of AO, CO, and PC; but the ſquares of AO and 
CO are equal to the ſquare of CA or CN; conſe- 


quently, the ſquare of CB is equal to the ſum of 


the ſquares of PC and CN, which quantities con- 


tinue unvaried, whatever be the inclination of the 


incident ray; and therefore PN or CB is a given 
quantity; that is, the meaſure of the velocity, and 
of conſequence, the velocity wherewith the rays 
move after refraction in the denſer medium, is al- 
ways the ſame, however differently inclined the rays 


may be to the furface of the denſer medium at their 
incidence thereon. . 


The angle ACN, which the line deſcribed by the 
incident ray contains, with the perpendicular to the 
refracting ſurface at the point of incidence, is called 


the angle of incidence; and the angle BCM, which 


the line deſcribed by the refracted contains, with the 
perpendicular to the refracting ſurface at the point 
of incidence, is called the angle of refraction. 
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As a ſecond Corollary, from what has heen pray 
ed:it follows, that the ſines of theſe angles are ta 


one another in a given ratio; or, in other woda, 


that; whatever proportion the fine of any; one angle 
of incidence bears to the ſine of the correſponding 
angle of refraction, the ſame does the ſine of any 
other angle of incidence bear to the ſine of the 28. 
ſpective angle of refraction. For ſince CB is, eat 
by the oirole in the point T. if frem B and T, B. 
f a lar to the radius, BS 
will be equal to AO, which is the fine of the angle 
of incidence, and FR will be tlie fine of the angle 
of refraction; and from the nature of' ſimilar tri» 


angles, BS is to T R, as CB to CI; that is, the 


fine of incidence, is to the ſine of refraction in the 
ſame proportion with two ſtanding quantities; con: 
fequently, that proportion is given, whatever be the 


inclination of the incident ray. And what has been 


thus proved, with reſpect to the ſines of incidence 
and refraction, when: rays paſs gut of a rarer me- 
dium into: a denfer, is in like manner demonſtrable 
of thoſe lines, when the rays; move out of a denſer 
medium into a rarer, with this difference only, that 
whereas in the former caſe the angle of incidence 
exceeds the angle of refraction, in the latter it 18 
exceeded by it; for as the attraction of the denſer 
medium by accelerating the perpendicular velocity 
of the rays in their | paſſage from a rarer medium 
turns them out of their way, fo as to bring them 


nearer the perpendicular, ſo on the other hand, 


by retarding their perpendicular velocity in their 
paffage into the rarer medium, it turns them aut of 
their way fo as to remove them farther ftom the 
perpendicular, as has been already ſnlewn; and for- 
afmuch as the rays are turned out of their way in 
both caſes by one and the ſame cauſe acting in the 
fame uniform manner, it is manifeſt, that in bath 
cafes, they muſt be 1 ; confequently,- * 
| muc 
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Pl. 8. 
Fig. 9. 
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much as the angle of incidence exceeds the angle of 


refraction when a tay paſſes out of the rarer medium 
into the denſer, ſo much "muſt it be exceeded by 
it, when the paſſage of the ray is made the contrary 
TC ; A 

Y 1400 thut the ſine of the angle of incidence is to 
the fine of the angle of refraction in a given ratio, 
whatever be the inclination of the incident ray, may 
be proved experimentally in the following manner. 
Let a braſs quadrant graduated on both fides, and 
fixed: at its center to a perpendicular pillar in the 


manner repreſented, have two indices as A and B, 


one on each ſide, moveable on the center C; and 
let the index A, whereof the ſtem D is a continu- 
ation, be made to point to the 15th degree, and 
the index B to the th minute of the 2oth de- 
gree; let then the pillar be immerſed: in water, ſo 
far as that CF the horizontal edge of the quadrant 
may touch the ſurface: of the water, and upon 
viewing the ſtem D which lies within the water, it 
will by reaſon of the refraction ſeem to have chang- 
ed its ſituation, and appear to lie in the ſame plane 
with the index B. And the ſame thing will like- 
wiſe obtain, if the index A be ſet at the zoth de- 
gree, and B at the zoth minute of the 42d degree. 
Now in both theſe caſes, the angle of incidence is 
equal to the angle contained between F C, the per- 
pendicular edge of the quadrant, and the index A; 
and the angle of refraction is the angle made by 
the perpendicular edge of the quadrant, and the 
index B; ſo that one of the angles of incidence is 
15 degrees, and the other 30, and the correſpond- 
ing angles of refraction are nineteen degrees fifteen 
minutes, and 41 degrees 30 minutes; and 25, 
which is the ſine of the leſſer angle of incidence, 
is to 33, the ſine of the correſponding angle of 
refraction, as 50, the ſine of the greater angle of 
incidence, to 66, the ſine of the angle of refrac- 

FRA | a h t tion, 
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tion, which correſponds thereto; as in the following 
TABLE. . | 
{| Angles of „„ Angles Fe. 
. 7 $ ” « of | Hef 
incidences, 85 refraction.C 


Out of water into | 15. 25880 19. 15 13296 
22 30 0 41. 30 6662 


— — 

Out of oil of tur- | 15. [2588] 22. 3746 
| | o. [5000] 47, 731 
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TATURALISTS were formerly of opinion, Lecr. 
that LIoHr was in its own nature ſimple XX. 


and uniform, without any difference or variety in 


its parts. And that CoLours, which are to be 
the ſubje& of this lecture, were nothing elſe than 
certain changes or modifications of light cauſed 
by vefractions, reflectious, and ſhadows. But Sir 
Isaac NRWTON, to whom we are indebted for 


almoſt every. thing that we know with. certainty 
concerning the nature of light, has ſhewn from ex- 


periments, that notwithſtanding the uniform ap- 
pearance of light, the particles whereof it is com- 


poſed are of different colours; and that the colour 


of each particle is laſting and permanent, ſo as not 
to be changed either by refraction or reflexion. He 
has likewiſe ſhewn, that thoſe particles which differ 

5 2 „ as 
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Lzcr. as to colour; differ alſo im degrees of refrangibility; 


XX. 


by means whereof, the rays of different colours may 


pe ſeparated from each other, and exhibited apart. 


Exp. 1. Let a beam of the ſun's light, paſs into a darkened 


Pl. 8. 


chamber through a round hole-as H, about the ſix- 


Fig. 11. teentli or twentieth part of an inch wide, ſo as to 


fall directly on the middle of a double convex lens 
a E, ground to a radiuscof fiye or ſix feet, and 


Les by. which means the image of the hole will 
be prpjected to I, on the ather fide of the /ens, at 
the- diſtance of ten or twelye feet-more, arid there 
appear white and round. Let then a priſm-of-ſolid 
greeniſh glaſs as P, be placed cloſe behind the Jens, 


aid in foetr a poſture as that the beam of light may 


fall upon it perpendicular to its axis, which is an 
imaginary ſtrait line, manning thro! the middle from 
one end to the other parallel to its edges ; this be- 


ing done, the image of the whole, inſtead of being 
Found and white, and projected to I, will be long 


and coloured, and caſt ſideways from 1; and the 
colours of the image taken in their order from that 
which lies neareſt to I, will be red, orange, yellow, 
green; blue; purple, and violet; as in the image MN, 


where the ſeveral colours are denoted by their initial 
| * 5:44 = 


letters. —_ 
Front the lengthening of the round image by the 
refraction of the priſm, it is evident; that of the 
particles of light which form the image, ſome are 
more refrangible than others; for wete they all alike 
refrangible, the diſtances to which they are thrown 
ſideways from their firſt ſituation at I, would be all 


equal, andiof:conſequence; the ſecond image would 


be round as the firſt. | Y 
As in the coloured frdrum the red lies neareſt to, 
and the violet farthelt” from I, it is manifeſt; that 


are puſhed out of their way leſs, and the violet 


more, 


2, 8 2. 
placed at the diſtance of ten or twelve feet from the 
831 
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more than any other; and an that the 
red particles have the ſmalleſt degree of refrangi- 


F 


bility, and the violet the.greateſt ; and that the par. 


tieles of intermediate colours have intermediate de- 
grees of refrangibility, greater or leſs in proportion 
as they lie nearer to the one or the other of the two 
extremes. F 
This difference of refrangibility in the particles 
of light, argues a difference likewiſe in their mag- 
nitudes; for ſince one and the ſame cauſe, to wit, 
the attraction of the glaſs, acting upon them all 
with equal force, and under like circumſtances, 
produees unequal changes in the directions of their 
motions, it muſt needs be that they move with un- 
equal forces, and conſequently, that their quantities 
of motion are unequal, which inequality of motion 
can ariſe from nothing elſe but the different fize 
of the particles, in cafe they all move equally ſwift, 
as they are generally ſuppoſed to do; and that they 
are all perfectly ſolid, as their power of penetrating 
and diſſolying the denſeſt bodies, without ſuffering 
any change themſelves, ſeems to require; conſe- 
quently, the particles of light which differ as to 
colour, differ alſo in magnitude; thoſe of violet 
being ſmalleſt, and the particles of other colours 
increaſing continually one above another, as they are 
more and more removed from the violet, and ap- 
proach nearer to the red, whoſe particles are larg 
of all; and here it will not be improper o gbſexve, 
that as the red particles are, of all athers, the lar- 
geſt, they muſt, on that account, ach with the great - 
eſt force, and excite the 1 vibrations in the 
nervous coat: of the- eye; which may be one reaſon 
why reds are found to be more — 2 tothe eyes 
than any other colour whatever. . 


4 


* 


- - 'The ſeven colours whereof the long image is 
compoſed are permanent and laſting, and cannot 
poſſibly be changed, either by retraction or reflexi- 
on, as will appear from the following eee 
or f et 
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Let a ſmall hole be made in the paper whereon the 


coloured image is formed, thro* which let each of 


the ſeven” colours paſs ſucceſſively, and falling upon 
a priſm, be again refracted, and they will be found 
to continue the ſame, without the leaſt change or 
alteration; thus, the red, when refracted, will con- 
tinue totally of the ſame red colour as before; nei- 


ther orange, yellow, green, blue, nor any other new 
colour, will ariſe from the refraction; and the like 


conſtancy and immutability will be found in the 
other ſix colours, when refracted fingly and apart 
from the reſt, And as theſe colours are not change- 


able by refraction, ſo neither are they by reflexion; 
for if bodies of different colours be placed in the red 


light, they will all appear red, and in the blue light, 


they will appear blue, in the green light, green, and 
fo of the other colours; in the light of any one co- 


lour, they will all appear totally of that ſame co- 
Jour, with ' this difference only, that in ſome the 
colour will be more ſtrong and full, in others more 
faint and dilute, every body appearing moſt ſplen- 
did and luminous in the light of its own colour. 
Thus, for inſtance, if a deep red, as carmine, and a 
full blue, as ultramarine, be held together in the red 
light, they will both appear red; but the carmine, 


will appear of a ſtrongly luminous and reſplendent 
red, and the ultramarine, of a faint obſcure and dark 
red; and on the other hand, if they be held toge- 
ther in the blue light, they will both appear blue; 
but the w/tramarine will appear of a ſtrongly lumi- 
nous and reſplendent blue, and the carmine of a 


faint dark blue. . 
Since the colours of the rays are not capable of 


being changed, either by refraction or reffexio n, it 


is manifeſt, that if the ſun's light conſiſted of but 
one ſort of rays, there would be but one colour in 
the world; and by conſequence, that the variety of 
colours depends upon the compoſition of light. It 


is likewiſe manifeſt, that the permanent colours of 


natural 


dirty colours, down to the deepeſt &/ack, being but 
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natural bodies ariſe from hence, that ſome bodies 
reflect ſome ſorts of rays, and others other ſorts 
more copiouſly than the reſt; and upon that account 
appear of this or that colour. Thus minium, and 
other red bodies reflect the red rays moſt copiouſly, 
and thence appear red; violett, and all other bodies 
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of the like colour, reflect the violet rays in greater 
abundance than the reſt, and thence have their co- 


lour; and fo of other bodies, every body reflecting 


the rays of its own colour more copiouſly than the 


reſt, and deriving its colour from the: exceſs and 


predominancy of thoſe rays in the reflected light; 


for though all bodies appear of the ſame colour, 


when placed together in the light of any one colour, 


yet every _ looks more ſplendid and luminous 


in the light of its own colour than in that of any 


other, which puts it paſt diſpute, that every body 


reflects the rays of its own colour in greater 


abundance, than it does the reſt, and thence has its 


colour. 155 


As natural bodies appear of divers colours, accord - 
ingly as they are diſpoſed to reflect moſt copiouſly 
the rays originally indued with thoſe colours, ſo 
from the ai 


different ſhades or degrees in thoſe colours. Where 
the predominant rays are very numerous in propor- 
tion to the reſt, the colour appears ſtrong and full; 
but as the exceſs of the predominant rays leflens, the 


| ifferent proportions which the predomi- 
nant rays bear to the reſt of the reflected light, ariſe 


colour, from the mixture of the other rays, abates . 


of * livelineſs, and becomes more faint and dilute; 
an 


when all the rays are equally reflected, ſo as 
that no one kind predominates, the colour becomes 
white; for whiteneſs is a mixture of all the cos 
lours, and it is more or leſs intenſe in proportion 
as the reflected rays are more or fewer in number; 
all grays, duns, ruſſets, browns, and other dark and 


lo 
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Lrcr. :{'mdny-lefſer degrees of -wwhite, and differing from 


A bperfed whitenefs on no other account but that they 
| :confiſt:of-a:lefler-quantity of light, and conſequently 
tappearileſs:glaring and luminous. 5. RE Fo, 
The reaſon why bodies reflect this or that kind 
of ray more copiouſſy than the reſt, and conſe- 
quently appear of this or that colour, depends al- 
together on the ſize and denſity of the particles 
whereof the bodies are compoſed. Particles of 
coloured bodies reflecting rays of different eo- 
tours according to their different magnitudes and 
denſities, as has been fully proved by Sir Isa Ac 
Nx / Tom, from experiments and obſervations made 
on the colours of thined bodies of air, water, and 
gloſs ; by the heip of which, he has in the ſecond 
book of his :Opticks, given us a table containing 
feven orders, or ſeries of colours, together with tie 
thickneſſes of the particles of air, water, andi glaſs, 
which exhibit the ſeveral colours in each order; 
which thickneſſes are expreſſed in parts, whereof 
ten hundred thouſand make an inch. The firſt 
part of that table is here laid before you; andi by | 
inſpection thereof, it will be found, that in each 
order of colours, the ved is reflected: hy particles of 
the greateſt thickneſs, and that the thickneſſes of 
the particles which reflect the other colours, groty 
N leſs and leſs, as the colours which: they reflect are 
1 more and more removed from the red. It is like- 
| wiſe manifeſt from the ſame table, that among the 
| particles which reflect one and the fame colour, 
thoſe which have the greateſt denſity, have the 
leaſt thickneſs; thus, for inſtance, the thickneſs of 
a particle of glaſs which reflects the ſcarlet of the 
ſerond order, is but 125; whereas, the thickneſs of 
water which reflects the ſame calour, is 142, and 
that of air ſtul/ greater, to wit, 19; fo that the 
thiekneſſes of the particles which reflect any colour, 
increaſe as. their denſities leſſen; for which reaſon, 


particles 
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Or COLOURS. 
particles of the ſame: thiekneſs may. refle&; different 


colours, provided their denſities: be unequal; thus 


the particles of air which reflect the violet. of the ſe- 
cond order, have very nearly the ſame thickneſs with 
partieles of water which reflect the green, as alſo 
with the particles of glaſs which reflect the orange 
of the ſame order. ” | 


| Air. Mater.] Glaſs. 
able” tact; | 322 | 
Ge , > ee 

h Black 1 „„ 
C P ²˙! > C7, 10 T 
Their co- Beginning of Black 2 11 12 
lours of } Blue J 
the 1/8 | White 1. 7 37 
order. eee „ 
range 6 & 

Red - 
H Pioler 113 3 77 
Indigo 124 i 10843} | 
Blue 14 {1  & 
Of the /e- 4 Green 1 n 1:06 J 
cond order. Fellow 167 [rar 203 NJ 
Orange 1 173613 4 86-1 

Bright Red 187 133 | 115 | 
(Scarlet 19 14 122 


From what has been ſuid concerning the colours 
of natural bodies, it follows, that if any change be 
made in the ſize or denſity of the particles whereof 
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a body is compoſed, the colour of the body will 


likewiſe be changed; for which reaſon, if two co- 
lourleſs liquors be mixed together, they may in the 


mixing ſuffer ſuch changes in the ſize and denſity 
of their parts from their mutual actions one upon 


another, as to become opaque and coloured; and 
; $46 145<8 54 37 tt is | fuch 
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ſuch liquors as are coloured, may for the ſame rea- 


ſon, when mixed together, either become tranſpa- 
rent and colourleſs, or of ſuch a colour as is diffe- 


rent from the colour of either, before the mixture; 


as will appear from the 3 now to be 
made. | 


Colours produced by the -mixture of liquors void of 


colour. 


1. Roſated ſpirit of wine, and ſpirit of vitriol, a Red. 


2. Solution of mercury, and oil of tartar, Orange. 
3. Solution of ſublimate, and lime water, Tellow. 


4. TinQure of roſes, and oil of tartar, Green, 
5. TinQure of roſes, and ſpirit of urine, Blue. 
6. Solution of copper, and ſpirit of ſal am- 
moniack, Purple. 
7. Solution of ſublimate, and ſpirit of ſal 
ammoniack, White. 
8. Solution of ſugar of lead, and the ſolution 


of vautol, | Black, 


Colours ar ng from the mixture of ſuch liquars as are 
coloured. 
Yellow, Tindture of ſaffron CG 
Red. TinQure of red roſes * 3 
Blue. Tincture of violets Out 
Brown. Spirit of ſulphur * rimſon. 
Red. TinQure of red roſes 7 
3.7 Bron. Spirit of hartſhorn, Blue. 
Blue. TinQure of violets | Viol 
4+ Blue. Solution of copper 5 2 218 
Blue. Tincture of violets 35 
{- Purple. 


5+ (Blue. Solution of Hungarian vitriol 


(Blue. Tincture of cyanus G 
6. J Blue. Spirit of ſal ammon. coloured | 7 
7. Blue. 
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( Blue. Solution of Hungarian vitriol þ- 22 | low. Lecr, 


7. Brown. Lixivium 3 


8. Blue. Solution of Hungarian vitriol Blac 
Red. Tincture of red roſes I 

| Blue. Tincture of cyanus 

9: {Gre Solution of copper 5 Keg. 


| Colours * aud reftored. 


1. A ſolution of copper, which is Green, by ſpirit 
of nitre is made colourleſs, and 1 is again reſtored by 
oil of tartar. 

2. A limpid infuſion of walls, 4 is made black by a 
ſolution of vitriol, and rranſparent again by oil of 
vitriol, and then Black again by oil of tartar. 

. TinQure of red roſes, -is made black by a ſo- 
Jutjon of vitriol, and becomes red again by oil of 
tartar. 

4. A flight tincture of roſes, by ſpirit of vitriol 
becomes a ſine red, then by ſpirit of ſal ammoniack 
turns green, and then by oil of vitriol becomes red i 
again. l 

5. Solution of wen from a green by ſpirit | 
of vitriol becomes colourleſs, then by ſpirit of ſal 
ammoniack turns a purple, and then by oil of vitriol 


becomes tranſparent again. 
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Among the various Phænomena of colours, there 
is none more remarkable than that of the rainbow, 
which is an appearance obſervable in thoſe places 
only where it rains in the ſunſhine, and where the | 
ſpectator is placed in a due poſition between the ſun 1 
and the rain, with his back to the former; for 
which reaſon it is generally allowed, that the bow is 
made by the refraction of the ſun's light i in drops of 
falling rain; the manner wherein it is formed, has 
in ſome meaſure been explained by AnToN1Us DE 
Domin1s, archbiſhop of Spalato, and after him by 


Dzs CaRTEs; but as neither of them underſtood 
the 
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Lor. the true origin of colours, it was impaſſible for 
them not to be defective in their accounts; and 
therefore Sir IsAAc NREwToN, after he had diſco- 


vered the true nature and riſe of colours, ſet him- 
ſelf to the conſideration of this ſubject, and towards 
the latter end of the firſt book of his opticks, has 
given a full and ſatisfactory account of the whole 


matter; the ſubſtance of what he has there deliver- 


ed concerning the rainbow is as follows. 

Let a drop of rain, or any other ſpherical tran- 
ſparent body be repreſented by the ſphere B NF G, 
and let AN be one of the ſun's rays, incident upon 
it at N and thence refracted to F, where let it 
either go out of the ſphere by refraction towards 


V, or be reflected to G; and there let it either go 


out by refraction to R, or be reflected to H, where 
let it go out by refraction towards 8, cutting the in- 
cident ray in Y; let AN and R G be produced till 
they meet in X. Parallel to the incident ray AN 
let the diameter BQ be drawn, and let BL be a 
quadrant, on every point of which let us ſuppoſe a 
ray to fall parallel to BQ; as the point of incidence 
removes from B towards L, the angle AX R which 
the rays AN and R G contain, will firſt encreaſe, 
and then decreaſe; and on the other hand, the 
angles AY 8, contained between the rays A N and 
YS, will firſt decreaſe and then increaſe. This be- 


ing ſo, if we ſuppoſe N to be that point of the 


-quadrant BL, whereen if the incident ray A N 
falls, it makes the greateſt angle with the ray G R, 
which emerges after one reflexion; then all the rays 
which fall on each fide at a very little diſtance from 
N, and go out after one reflexion, will emerge pa- 
rallel or very nearly parallel to G R; whereas thoſe 
vhich fall on the quadrant at greater diſtances from 


N, will notwithſtanding their paralleliſm before 
their incidence be ſcattered, and diverge from one 


another after their emergence. If therefore an eye 


be ſituated in the direction of the former rays 


which 


or COLOURS. 


whieh go out parallel, they will enter it ſo copiouſly . | 


as to exhibit the image of the , ſtin- in the drop of 
rain whiehꝭ reflects them; but if the eye be ſo placed 
as to receive the latter rays which go out diverging, 
thoſe which enter the eye will be too few to excite 
any ſenſation; and of conſequence, the image of 
the ſun will not appear in the drop to an eye ſo 
ſituated: THT TEE HI” 25 N 

If N be the point, whereon if the incident ray 
AN falls, it makes the ſmalleſt angle witli the ray 
HS; which emerges after two refleCtions; then, as 
before all the rays which are incident near N, and 
which emerge after two reffexions, will go out pa- 
rallel; and for that reaſon will exhibit the ſun's 
image to an eye ſituated in their direction; but thoſe 
rays which are incident at any ſenfible diſtance from 
N, and which emerge after two reflexions, will be 
ſeattered as they go out, and upon that account will 


be too fe, and conſequently too feeble to excite 


any ſenſation in the eye of the ſpectator. 

Nov, foraſmuch as the rays which are of differ- 
ent colours have likewiſe different degrees of refran- 
gibility, the greateſt angle ALR which can be made 
by the incident rays, and thoſe which go out after 
one reflexion, will be of different magnitudes in rays, 
of different colours; ſo likewiſe will the ſmalleſt 
angle AYS, that'can be made'by the incident rays, 
and thoſe which go out after two reflexions; and it 
has been found, by computation, that in the leaſt 


refrangible or red rays, the greateſt angle AX R, is 


42 degrees and two minutes; and tlie leaſt angle 
AYS, 50 degrees and 57 minutes; and in the 
moſt refrangible or violent rays, the greateſt angle 
AXR, has been found to be 40 degrees and 17 
minutes; and the leaſt angle AYS, 54 degrees and 
7 minutes. | | | 
Suppoſe now, that O is the ſpeQator's'eye, and 


OP a line drawn parallel to the fan's rays; 3 
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Leer. the true origin of colours, it was impoſſible for 
XX. them not to be defective in their accounts; and 


1 Hs therefore Sir IsAAc NEwTON, after he had diſco- 


vered the true nature and riſe of colours, ſet him- 
ſelf to the conſideration of this ſubject, and towards 
the latter end of the firſt book of his opticks, has 
given a full and ſatisfactory account of the whole 
matter; the ſubſtance of what he has there deliver- 

ed concerning the rainbow is as follows. 
pl. 9. Let a drop of rain, or any other ſpherical tran- 
Fig. 1. ſparent body be repreſented by the ſphere B NF G, 
and let AN be one of the ſun's rays, incident upon 
it at N and thence refracted to F, where let it 
either go out of the ſphere hy refraction towards 


V, or be reflected to G; and there let it either go 


out by refraction to R, or be reflected to H, where 
let it go out by refraction towards 8, cutting the in- 
cident ray in Y; let AN and R G be produced till 
they meet in X. Parallel to the incident ray AN 
let the diameter BQ be drawn, and let BL be a 
quadrant, on every point of which let us ſuppoſe a 
ray to fall parallel to BQ; as the point of incidence 
removes from B towards L, the angle AX R which 
the rays AN and RG contain, will firſt encreaſe, 
and then decreaſe; 'and on the other hand, the 
angles A Y 8, contained between. the rays AN and 
YS, will firſt decreaſe and then increaſe. This be- 
ing ſo, if we ſuppoſe: N to be that point of the 
quadrant BL, whereen if the incident ray A N 
falls, it makes the greateſt angle with the ray G R, 
which emerges after one reflexion; then all the rays 
which fall on each fide at a very little diſtance from 
N, and go out after one reflexion, will emerge pa- 
rallel or very nearly parallel to G R; whereas thoſe 
-which fall on the quadrant at greater diſtances from 
N, will notwithſtanding their paralleliſm before 


their incidence be ſcattered, and diverge from one 


another after their emergence. If therefore an eye 
be ſituated in the direction of the former rays 
| which 
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which go out parallel; they will enter it ſo copiouſſy Laer. 
ee the image CPN fn in eg ot 2 
rain whieh reffects them; but if the eye be ſo placed 
as to receive the latter rays which go out diverging, 
thoſe which enter the eye will be too few to excite 
any ſenſation; and of conſequence, the image of 
the ſun will not appear in the drop to an eye ſo 


/ * 


ſituated. | We Tg 

TEN be! the point, whereon if the incident ray 
AN falls, it makes the ſmalleſt angle with the ray 
HS; which emerges after two reflections; then, as 
before all the rays which are incident near N, and 
which emerge after two reffexions, will go out pa= © 
rallel; and for that reaſon will exhibit the ſun's 
image to an eye ſituated in their direction; but thoſe 
rays which are incident at any ſenfible diſtance from 
N, and which emerge after two reflexions, will be 
ſcattered as they go out, and upon that account will 
be too few; and conſequently too feeble to excite 
any fenſation in the eye of the ſpectator. 
Nou, foraſmuch as the rays which are of differ- 
ent colours have likewiſe different degrees of refran- 
gibility, the greateſt angle ALR which can be made 
by the incident rays, and thoſe which go out after 
one reflexion, will be of different magnitudes in rays, 
of different colours; ſo likewiſe will the ſmalleſt 
angle AYS, that can be made by the incident rays, 
and thoſe which go out after two reflexions; and it 
has been found, by computation, that in the leaſt 
refrangible or red rays, the greateſt angle AX R, is 
42 degrees and two minutes; and the leaſt angle 
AYS, 50 degrees and 57 minutes; and in the 
moſt refrangible or violent rays, the greateſt angle 
AXR, has been found to be 40 degrees and 17 
minutes; and the leaſt angle AYS, 54 degrees and 
7 minutes. | | | 

Suppoſe now, that O is the ſpectator's eye, and 
OP a line drawn parallel to the ſun's rays; —_— 
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POE be an angle of 40 degrees and 17 minutes, 
POF of 42 degrees 2 minutes, POG of 50 degrees 
57 minutes, and POH an angle of 54 degrees 7 
minutes; and theſe angles turned about their com- 
mon ſide, ſhall with their other ſides OE, OF, OG, 


and OH. deſcribe verges of two rainbows AFBE 


and CHDG. For if E, F, G, and H, be drops of 


rain, placed any-where in the conical ſurfaces de- 
ſcribed by OE, OF, OG, and OH, and be illumi- 
nated by the ſun's rays SE, SF, SG, and SH, the 


angle SEO being equal to the angle POE, or 40 
degrees and 17 minutes, ſhall be the greateſt angle 
in which the moſt refrangible rays can after one re- 
flexion be refracted to the eye; and therefore, all 


the drops in the line OE, ſhall ſend the moſt refran- 
gible rays moſt copiouſly to the eye, and thereby 
{trike the ſenſes with the deepeſt violet colour in that 
region. And in like manner the angle SFO being 
equal to the angle POF, or 42 degrees 2 minutes, 
ſhall be the greateſt in which the Teal refrangible 
rays after one reflexion can emerge out of the drops; 
and: therefore, thoſe rays ſhall come moſt copiouſly 
to the eye from the drops in the line OF, and ſtrike 
the ſenſes with the deepeſt red colour in that re- 
gion. And by the ſame argument, the rays which 


have intermediate uy An of refrangibility, ſhall 


come moſt copiouſly from drops between E and F, 


and exhibit the intermediate colours in the order 


which their degrees of refrangibility require, that 
is, in the progreſs from E to F, or 8 the inſide 
of the bow to the outſide in this order, violet, indigo, 
blue, green, yellow, orange, and red. | 


8 the angle SGO being equal to the angle 
POG, or 50 degrees and 57 minutes, ſhall be the 
leaſt angle in which the leaſt refrangible rays can 


after two reflexions emerge out of the drops, and 
therefore the leaſt refrangible rays ſhall come moſt 


copiouſly to the eye from the drops in the line OG, 


and 
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gion. And the angle SHO being equal to the 
angle PO H, or 54 degrees and 7 minutes, ſhall 
by the leaſt angle, in which the moſt refrangible 
rays, after two reflexions, can emerge out of the 
drops; and therefore, thoſe rays ſhall come moſt 
copiouſly to the eye from the drops in the line O H, 


and ſtrike the ſenſes with the deepeſt violet in that 


region. And by the ſame argument, the drops in 
the regions between G and H, ſhall ſtrike the ſenſes 
with the intermediate colours, in the order which 
their degrees of refrangibility requires, that is, in 
the progreſs from G to H, or from the inſide of the 
bow to the outſide in this order, red, orange, yellow, 
green, blue, indigo, and violet, And ſince theſe four 
lines OE, O F, O G, and OH, may be ſituated any 
where in the abovementioned conical ſurfaces, what 
is ſaid of the drops and colours in theſe lines, is to 
be underſtood of the drops and colours every where 


in thoſe ſurfaces. Thus then ſhall there be made 


two bows of colours, an interior and ſtronger by 


one reflexion in the drops, and an exterior and 


_ fainter by two (for the light becomes fainter by 
every reflexion), and their colours ſhall be in a con- 
trary order to one another, the red of both bows 
bordering upon the ſpace G F, which is between the 
bows. The breadth of the interior bow meaſured 
croſs the colours, ſhall be one degree and 45 mi- 


nutes, and the breadth of the exterior, ſhall be three 


degrees 10 minutes, and the diſtance between them, 


ſhall be 8 degrees 55 minutes; the greateſt ſemi- 
diameter of the innermoſt, or the angle PO F, be- 


ing 42 degrees and 2 minutes, and the leaſt ſemi- 
diameter of the outermoſt, or the angle PO G, be- 
ing 50 degrees and 57 minutes. And theſe are 
the meaſures of the bows, as they would be were the 
ſun but a point; for by the breadth of his body, 


the breadth of the bows will be increaſed, and their 


diſtance leſſened by half a degre:; and ſo the 
breadth 
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breadtli of the interior will be 2 degrees 15 minutes, 
and that of the exterior 3. degrees 40 minutes, and 
their diſtance! 8 degrees 29 minutes; the greateſt 


ſemidiameter of the interior bow 42 degrees 17 mi- 


nutes, and the leaſt of the exterior 50 degrees 42 
minutes; and ſuch Sir IsaAC Nzwrox ſays he has 
found the dimenſions of the bows: in the Heavens, 
when he meaſured the ſame. This explicationſ of 
the rainbow is confirmed by the following experi- 
ment; let a glaſs globe filled with water, as AB; be 

hung up in the ſun-ſhine; with: a black cloth placed 
behind it, and let I'S be one of the ſun's rays indi- 
dent thereon; let the eye of a ſpectator whoſe: hack 


is to the ſun be placed at O, and let it be direct- 


ed to ſuch a point in the lower part of the globe, 


ſuppoſe C, as that a ſtrait line drawn from the - 
E 


thro” that point, and continued on till it meets 
incident ray likewiſe produced, may therewith make 
an angle OX I, of 42 degrees 2 minutes; and the 
fpectator ſhall then ſee a full red colour in that fide 
of the globe oppoſet t the ſun as at F; let then 
the eye be raiſed up gradually to P, till the angle 
PZ I becomes equal to 4% degrees and 17 minutes, 
and as the eye rifes, it wilt petceive other colours, 
fame ſide of the globe. . 
2 let the eye be placed at Q and let it be 
directed to ſuch a point in the upper part of the 
globe, fuppoſe D, as that a ſtrait line, drawn from 
the eye thro” that point and meeting the ineident ray 
protracted, may therewith make an angle Q'S1 of- 
50 degrees and 57 minutes, and there will appear 
a faint red colour in that fide of the globe towards 
the ſan; let then the eye be gradually depreſfed to 
R, till the angle RTI is 54 degrees 7 minutes, as 
the eye ſinks, the red will turn ſucceſſively to the 
other colours, yellow, green, and blue; as in the 
former caſe upon the raiſing of the eye. 
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Tame in my next lecture to enquite 
into the Narbxx of Vision, where 1 ſhall **E - | 


have occaſion to take notice of DefeFive Eye, I 
ſhall in this Lecture, N of preparation, lay be- 
fore you ſome of the chi properties of ſuch lenſes 
or glaſſes as are molt commonly in uſe for aſſiſtin 
defective eyes; and they are of two ſorts, Fir 
ſuch as are equally convex on both fides, and ſe- 
condly, ſuch as are on both ſides equally concave. 
The former ſort is repreſented in the fourth Figure, 


and the latter in the fifth. 


Let ABC be an object placed before the double 
convex lens HK at any diſtance greater than the 
radius of the ſphere, whereof the /ens is ſegment; 


the xays, which iflue, from the ſeveral points of the 


thropgh it be ſo bent by the refractive power of the 


_ glaſs,, as to be made fo convene at ſo many other 


points behind the ent, and at the place of their 
concourſe they will form an image or repreſenta- 


tion of the object; and this image will be invert- 
ed, becauſe. the rays which flow from A, the up- 
n ont of the object, are united at F, the 


owermoſt point of the image, whilſt thoſe which 
flow from C, the lowereſt point of the object, are 


brought togerher again at D, the. higheſt point of 


the image. So likewiſe , thoſe rays which iſſue 
from the right ſide of the object, are united in the 
left fide of the image, whilſt. thoſe which proceed 

b the object, concur in the right 
ſide of, the image; as will appear by placing a light- 


ed candle before a double convex lens, at ſuch a diſ- 


tance 


Lzer. 


Pl. g. 


Fig. 6. | 
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- Lect. tance as that the image thereof may be formed on 


XXI. a piece of white paper placed at a due diſtance be- 


hind the len,; for the flame will appear inverted 
with its point downward; and if either fide of the 
flame be intercepted by the interpoſition of a dark 
body, the contrary ſide of the image will be ob- 


ſcured. 2 | mo 2 hd” 27 | * 
With regard to this experiment, I muſt obſerve 


to, you, that tho' there is one certain diſtance, at 


which the paper muſt be placed, in order to exhi- 


bit the image with the greateſt diſtinctneſs, yet may 


the diſtance be a little varied without rendering the 


image confuſed; and it is remarkable, that when 


the image is projected on the paper at the neareſt 
diſtance Yar it can with any degree of diſtinctneſs, 
it appears bordered all around with red; which red- 
neſs continually decreaſes, as the paper is more and 
more removed from the lens, and when it is re- 
moved to fuch a diſtance as is requiſite to give the 
image the greateſt advantage in point of diſtin. 
"meſs, the redneſs intirely vaniſhes, and leaves the 
Image equally white all over; but upon a farther 
removal of the paper, the edges of the image which 
at the neareſt diſtance were tinged with red, do 
now appear tinged with blue. If a candle, which 
is placed at A before the convex lens C D, has its 


image projected on a paper at E E, ſuppoſing that 


to be the leaſt diſtance at which it can be projected 
diſtinctly, its edges will appear red, but upon the 
removal of the paper to G H, they will become 
white; and when the paper is removed to IK, 
they will appear blue; the reaſon of theſe different 


appearances is this, the rays of light as AC and AD, 
which flow from the candle, being compounded of 


particles of different colours, whereof the red are 
leaſt refrangible, and the blue moſt ſo, upon paſſing 


* thro? the lens, the blue rays are made to convene 


ſooneſt, and the red lateſt; as in the figure where 


the blue are denoted by the pricked lines, and the 
red 


— at r po 
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red by the continued; ſo that an image is formed 
at EF, by the concurrence of ſome of the more 
refrangible rays, and it is tinged around its edges 
by the red rays, which converging more ſlowly than 
the reſt lie outermoſt. _ . | 
After the blue rays have concurred, they croſs 
one another, and go on diverging towards G H, 
where meeting with the red rays which have not 
yet concurred, and there mixing with them and 
the rays of other - colours, they produce a white 


313 
Lacr. 


image, whiteneſs reſulting from a due mixture of 


all the colours; as they proceed forward toward 
IK, they, by reaſon of their greater divergence, 
ſpread themſelves on all ſides beyond the other rays, 
is by fo doing, tinge the outlines of the image 
On the formation of pictures by means of a 
double convex lens, depend the appearances of the 
camera obſcura, which is a ſmall ſquare box with a 
tube iſſuing horizontally from one ſide, at the ex- 


tremity whereof is fixed a double &nvex lens; with- 


in the box is placed a looking-glaſs in a ſlanting 
poſition, ſo as to be at half right angles with the 
bottom of the box, which is parallel to the horizon. 
On the top of the box is placed horizontally a plate 
of glaſs rough on one ſide, whereon the pictures of 
objects are repreſented in the following manner. 
Let A B be an object placed before C D, the lens 
fixed in the tube which iſſues from the box; GH 
the looking-glaſs inclined: to the bottom of the box, 
in an angle of 45 degrees, L M the plate of rough 
glaſs covering the top of the box horizontally. The 
-rays which flow from A, the uppermoſt point of 


the object, after they have paſſed the lent, converge ' 


toward F, and would actually meet at that point, 
but that they are intercepted by the looking-glaſs' 


6H, which reflects them and throws them up- 


ward; and foraſmuch as the inclinaton of the rays 
towards one another is no way altered by the reflexi- 
X 2 | on, 


/ 
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Lx cr. on; they muſt meet at ſome point as K, as at il. 
"XXL. tant above the peculum, as the point F is behind it. 
— In like manner, the rays which flow from B, the 
loweſt point of the object. and which aſter they have 
paſſed the glaſs are tending. towards E, being re- 
fletted-upward'by the ſpeculum, are made to con- 
vene at I, whoſe diſtance above the M peculum is 
equal to the diſtance of E behind the ſheculum; and 
Las the rays from the extream points A and B,, are 
made to eonvene at K and 1; fo thoſe which flow 
from the intermediate points of the object, are 
brought: together at correſponding: - points. between 
K-and I, whereby the image is pe adac 'horizon- 
rally, but-with' ts right and left ſides correſpond- 
ing to the contrary ſides of the object; as may ap- 
ear by placing a man before the lens, and cauſing 
bim to ſtir ohe-of: his hands; for een the 
other Hand wWäll appear to move. 
The diſtance of the image behind the glaſsival- 
Ways varied by: varying the diſtance of the object 
e cho gal the image approaching as the ob- 
R recedes, and receding as that approaches. For 
Pl. 9. Af we ſuppoſe A and C to be two radiating points, 
Fig. 9. from whiel the rays AH, A K, and CH, GK fall 
upon the en, H K, it is manifeſt; that the rays from 
the more diſtant point diverge: leſs than thoſe from 
the nearer point, the angle at A being leſs than chat 
at C; conſequently, when they paſs thro?. the: glaſs 
they muſt: be brought: together ſooner, and-muſt 
_ --conyene at ſome point as B, leſs diſtant from the 
ent, than is the point D, whereat- the: more di- 
verging rays from the point Care ide to con- 
vene. 
Wöbere the diſtance of the object and the radius 
of the lens convexity are given, and where the 
thickneſs of the /ens is but ſmall, as is commonly 
the caſe; the diſtance of the image from the lens 
is determined very nearly, by ſaying, as-the diſtance 
of the — from the lens, leſfened by the radius 


of 


from the | punto be- 
image wil 


Gy! DIOPTRICKS. | 37% 


of the lens. convexity, is to the radiu, ſo is the Lzcr, 4 
diſtance of the object from the lens, to the diſtance XXI. 


of the image from the lens; that is; putting D for 


the diſtance of the object, R for the radius of the 


convenity, and F for the diſtance of the image, 
D- R: R:: D: F; conſequently, F.= — 22 | 


The trutls of this rule is demonſtrated: by the wri⸗ 


ters of DroyTRIOKs; but as all the demonſtrations 


which I have hitherto met with are tedious and 

intricate, - I ſhall not at preſent trouble you with 

them, but ſhall Proud to confirm the rule by ex- 
ments. 

Let then the'flame of a candle be placed at the Exp. 3. 
diſtance of twelve feet and an half from a double 
convex lens, the radius of whoſe convexity is four 
feet two inches; that is, let the diſtance of the flame 
equal to thrice the radivs, and the 
be projected behind the Jens at the diſ- 
tance of ſix feet three inches, that is, at the diſtance 
of a radius and an half; for in this caſe, R being 
put equal to unity, R D is three, which being di- 
vided by D — R, that is, by two, gives one and an 
half in the quotient. 

If the flame be brought nearer to the lens, the Exp. 4. 
image will move farther from it, and when the diſ- 
tance of the flame becomes equal to twice the radius 
of the lens's convexity, the diſtance of the i image 
will be equal to that of the flame, the lent ſtanding 
in the midway between them; for in this caſe D-R 
is equal to R, and of conſequence, F is equal to 
D: 

The flame being placed at the diſtance of the Exp. 5. 
radius. the diſtance of the image becomes infinite. 

For in this caſe DR is nothing, and F is equal to 
25 which expreſſion denotes an infinite quantity ; 
ſo that in this an there will not be any image on 

tne 
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Lecr. the flame; but the rays of light which flow from 
1 22 the candle, after they have paſſed thro* the Jens, 
will go on parallel to one another; and by ſo do- 
ing, form a bright circular image, equal in ſize to 
the /ens, and the magnitude thereof will remain the 
ſame at all diſtances ns 8 
Where the diſtance of the flame is leſs than the 
radius of the convexity, 'D— R becomes a negative 
quantity, and ſo of conſequence does the quotient 
ariſing from the diviſion of D R by D— R; which 
ſhews, that the place at which the rays meet, lies on 
the ſame ſide of the lens with the flame; or to ſpeak 
more properly, that the rays after they have paſſed 
the lens, proceed diverging from one another in 
ſuch a manner, as if they bad flowed from a point 
before the lens, more diſtant than the place of the 
flame. For the eaſier underſtanding of which, let 
Fig. 13. the rays A B and AC flow from the point A, whoſe 
Pl. 9. diſtance from the lens BC is leſs than the radius 
of the lens's convexity; after they have paſſed the 
glaſs, they will not continue to go on in the direc- 
tions BD and CE, but in the directions BF and CG, 
as if they had proceeded from ſome point as H, 
more diſtant from the lens than is the point A, from 
which they really flow; ſo that in this caſe, the rays 
after they paſs the glaſs, ga on diverging from one 
another, but however they do nat diverge as much 
as they did before they paſſed the glaſs. . 
When the diſtance of the flame from the glaſs is 
ſo great as that neither the breadth of the /ens, 
nor the radius of its convexity bears any ſenſible. _ 
proportion to it, then D—R is equal to D; and of 
i'd - conſequence, F is equal to R; that is, the diſtance 
| of the image is equal to the radius of the glaſs's 
1} convexity, and this is the leaſt diſtance at which an 
| image can be projected by ſuch” a lens; and foraſ- | 9 
much as the rays of the ſun, which by reaſon of 
the immenſe diſtance of his body are always united 
= 5 at 
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at the ſmalleſt diſtance, are apt to burn at the place 
of their union; that place is uſually called the focus 
. or burning. point, and ſometimes the. abſolute focus, 
in contradiſtinction to thoſe places whereat the 


images of leſs remote objects. are formed, and which. 


are frequently called the re/pedive foci. 
The length or breadth of an object, is to the 
length or breadth of its image, as the diſtance of 
the object from the /ens, to the diſtance of the image 
from the /ens, For if AC be the length or breadth 
of an object, and DF the length or breadth of its 
image; AB, which is one half of AC, is to FE, 
which is one half of FD, as BL to EL, the trian- 
les ABL and FEL being ſimilar. Hence it 
llows, that the nearer an object approaches the 
lens, the larger ts its image, the image receding, and 
conſequently inlarging, as the object approaches; 
and thus it appears to be from experiments; for the 
flame of a candle being placed at a diſtance greater 
than the diameter of the /ens's convexity, in which 
caſe the diſtance of the image is leſs, appears larger 
than the image, but being brought within the diſt- 
ance of the diameter, the image, which in that caſe 
is at the ſame diſtance becomes equal to it; and 
upon bringing the flame ſtill nigher, the image be- 
comes; larger in proportion to the ſquare of its 
greater diſtance, —_—_ a] 

The ſame thing is likewiſe evident from the ma- 
gick lantern; which is a lantern out of which iſſues 
an horizontal arm, capable of being lengthened or 
ſhortened at pleaſure, by means of one part ſliding 
in and out of the other; to the extremity of the 
moveable part is fitted a double convex lens; and to 


that part of the arm which joins the lantern is 


adapted a glaſs, plane on one fide, and convex on 
2 the other, the plane fide looking towards the lan- 
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tern; in the body of the lantern there is placed a 


candle, whoſe diſtance from the plano: convex glals 
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Licr. is forewhat leſs than the focal diſtance; ſo that the 
l. light which paſſes'thro' that glaſs, is thrown very 
© ſtrongly upon little images painted in dilute cobburs 
on pieces of plane thin glaſs; which being fixed in 
a flider that moves to and fro acroſs the arm; are 
placed at a ſmall diſtance behind the plano. cunver 
glaſs in an inverted poſition, and by means of the 
lens in the moveable part of the arm, are projected 
in an erect poſition, on a paper or white clotti placed 
at a proper diſtance; if by drawing out the move- 
able part of the arm, the pictures be removed to a 
greater diſtance from the /exs, the lantern muſt be 
brought nearer to the cloth, in order to a*diſtin& . 
repreſentation; becauſe, as the object recedes from 
the lens, the image approaches, and at the fame 
time the images will be diminiſhed. But on the 
other hand, if by thruſting in the arm the pictures 
be brought near the Jens, the lantern muſt be re- 
moved farther from the cloth, and in this caſe the 
images will appear larger. 1 
As convex glaſſes cauſe the rays of light to con · 6 
verge and unite, ſo thoſe which are concave make 
them ſeparate and diyerge; for which reafon, if 
diverging rays fall upon a concave /ens, they will 
diyerge more after they have paſſed thro* it, than 
they did before; and ſuch rays as converge before 
their incidents, will after their paſſage converge 
Pl.g. leſs; far inſtance, if the rays A B and A C, which 
Fig. 11. diverge from A, paſs thro* the concave len, B C, 
they will not go on in the directions BD and CF, 
but in ſome other directions as BH and C G, ſo as 
to widen faſter than before. On the other hand; if 
HB and G C be two rays canverging towards K, 
after they have paſſed thro* the glaſs, they will not 
go on towards K, but towards à more diſtant point 
as A, ſo as to converge more flowly than before, © 
All which is fully confirmed by experiments. For 
Exp. 8. a candle being placed before à comes lens, fo * to 
ave 
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have its image projected on a white paper; placed 
at à due diſtance behind the lens, if a concave glaſs 
be placed between the convex and the image, fo as 


that the rays which are converging towards the 


image may paſs thro' it, the image will thereby be 
thrown to a greater diſtance behind, the rays being 
made to converge more ſlowly, and of conſequence, 
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to meet at a greater diſtance than they did before 


the concave was interpoſed; and it muſt be ob- 
ſerved, that as the image is thrown to a greater 
diſtance, it muſt for that very reaſon be inlarged; 


and foraſmuch as the larger image is compoſed of 


the ſame number of rays, or rather fewer, ſome of 
the rays being reflected by the concave lens, it muſt 
on that account appear leſs bright and luminous 
than the ſmaller. If by the removal of the convex- 
lens the rays which flow from the candle be ſuf- 
fered to fall diverging on the concave, and a white 
paper be placed cloſe behind the glaſs, there will 
appear thereon a dark circle of ſome breadth, occa- 
ſioned by the ſhadow of the hoop which contains 
the glaſs; and the circular area contained within the 
ſhadow will be enlightened by the rays which paſs 
thro” the glaſs; and becauſe all the rays which fall 


upon the glaſs do not paſs thro? it, ſome of them 


being reffected, the circular area will appear ſome- 
what: darker than the other parts of the paper, 
which are expoſed to the light of the candle, with- 
out the interpoſition of the glaſs; upon removing 
the paper gradually from the glaſs, the circular area 
will gradually inlarge, and as that inlarges, the 
ſhadow which environs it will grow narrower, and 
at length vaniſh; and upon the vaniſhing of the 
ſhadow, if the paper be removed a little farther, 


there will ariſe a bright circle all around the circu- 


lar. area, which will grow broader, but leſs bright, 
as the paper is more and more removed from the 
glaſs; and at the ſame time, the circular area will 
continue to widen, and grow darker. All which 

| appearances 
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appearances are the natural and neceflary conſe- 


quences of the divergency or ſpreading of the rays, 
occaſioned by their paſſage thro" the glaſs; for the 


diverge, and by ſo doing, muſt on all ſides ſpread 


themſelves into the place of the ſhadow, and render 
it equally luminous with the reſt of the area; and 


when they have ſpread themſelves a little beyond 
the limits of the ſhadow, they fall upon ſuch parts 
of the paper as were before inlightened, and there, 
by their additional light, exhibit that bright circle 
which ſurrounds the darker area; and the bright 


. 


farther they go from the glaſs, the more they muſt 


circle, by the farther ſpreading of the rays, as the 


paper is more and more removed from the glaſs, 
grows broader and leſs luminous; as does likewiſe 


the circular area, from the ſpreading of the rays 


wherewith it is inlightened. 15 

Though concave glaſſes do not collect the rays of 
light, and conſequently, have not a real focus; yet 
inaſmuch as the rays after they have paſſed through 


ſuch glaſſes, do flow in ſuch a manner as that they 


either tend to ſome point behind the glaſs, or ap- 
pear to flow from ſome point before it, thoſe points 
are uſually called the foci; and in double concaves 


of equal concavities, the foci for converging rays 


are found, by ſaying, as the radius of the glaſs's con- 
cavity leſſened by the diſtance of the point of con- 
vergence from the glaſs, is to the radius, ſo is the diſ- 
tance of the point of convergence to the focus. And 
the foci for diverging rays are found, by ſaying, as 
the ſum of the radius and the diſtance of the point of 
divergence from the glaſs, is to the radius, ſo is the 
diſtance of the point of divergence to the focus. So 
that putting F for the focus, R for the radius, and 


P for the diſtance of the point of convergence, or 


LE AD ea ones 
divergence, F= 5 the negative ſign being to 
be prefixed to D when the ra 


aſſirmative when they diverge. 
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ys converge, and the 
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The demonſtration of this Theorem I, ſball for 


the preſent omit, on account of its tediouſneſs and 
intricacy, and ſhall cloſe the leQure with this obſer- 


vation; that if rays which are converging towards 


a focus be intercepted by a cancave /ens, whoſe diſ- 


tance from the focus is equal to the radius of its 
e glaſs, 
if fe 


concavity, after they have paſſed through 
they will ceaſe to converge, and become parattel, for 
R and D being equal, R—D is 9; conſequently, 
F is infinite; that is, the point to which t E rays 
converge, is at an infinite diſtance, and the rays of 
courſe muſt be parallel. Es | 


LECTURE XXII. 
Or VISION. 


Y deſign in this lecture, is to explain the 
M manner of V1s10n with the naked eye; and 
likewiſe to ſhew you, what aſliſtances the fight re- 
ceives from glaſſes; and in order thereto, I ſhall 
give you a ſhort deſcription of the eye. | 

If a ſmall portion be cut off of a globe, and in 
the room thereof a portion of a ſmaller globe, but 
of an equal circular baſe, be ſubſtituted, the com- 
pound will exhibit the true figure of the eye; for 
it is of a globular form, but more convex before 
than in any other part. It conſiſts of ſeveral mem- 
branes which lie 'contiguous one to another, of 
which the outermoſt is called the 2unica adnata or 
conjunctiva; it has its riſe from that membrane 
which inveſts the ſkull, and it cavers the whole ball 

of the eye, except the foremaſt tranſparent part, that 
portion of it which is viſible is called the 20hite of 
the eye. Beſides, this membrane which is not 
reckoned among the proper coats of the eye, there 
are three others, which conſtitute the proper coats; 


the firit of which is called the /clerotica, it is a tough | 


membrane 
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paſſes to the eye from the brain along with the o- 


nic nerve, and is thence propagated over the whble 


globe of the eye; on the fore part it becomes tranſ- 


parent like thin poliſhed} horn, which has given 


anatomiſts occaſion to make two membranes of it, 
and to call the tranſparent part cornea; this part is 


. repreſented by ABF. E 
The ſecond membrane, called tunica choroides, is 


derived from the pia mater, and tranſmitted like- 
wiſe from the brain along with the optic nerve; 
this is much thinner and tenderer than the former, 
and tinged on the hinder part with a black liquor. 
The fore part is called the uvea, and ſometimes the 
iris, from its variety of colours. In its middle is a 
ſmall hole called the fight or pupil; the iris conſiſts 
of ſeveral circular concentrick muſcular fibres, 
which are cut acroſs at right angles by other ſtrait 


fibres in the manner of ſo many radii; by the con- 


traction of the former the pupil is leſſened, and is 
inlarged by the contraction of the latter. 
The third coat is uſually called the retina, and 


ſometimes the nervous coat, being nothing elſe but 


the optick nerve, which ſpreads itſelf in the form of 


aà membrane over the bottom of the eye, over- 


againſt the fight. Theſe coats lying contiguous, 
form a capſula or bag, wherein are contained the 
three humors of the eye, called the aqueous, the 

chryſtalline, and the vitreous. 
At a little diſtance behind the pupil is placed the 
chryſtalline humor, which is convex on both ſides, 
but fomewhat flatter before than behind; it is ſup- 
ported by ſmall muſcular fibres, called the ciliary 
lizaments, which are inſerted into the edges of the 
chryſtalline humor at one end, and at the othæg; 
into the ſunicu choroides, and being cloſely unit, 
form a kind of membrane, whereby the cavity of 
the eye is divided into two parts; in the foremoſt 
of which is lodged. the aqueous humor, fo called, 
| becauſe 
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becauſe in conſiſtence and colour it ſomewhat re- Lager. 
ſembles water, being almoſt equally limpid aud XXII. 
tranſparent. In the hindmoſt is lodged the vitreous 
Humour, which has its name from the reſemblance it | 
ãs ſuppoſed to bear to melted glaſs. _ ot 
It has been generally thought by anatomiſts, that 
the humors of the eye are of different denſities, and 
that the chryſtalline is much more denſe than either 
of the other two; but Doctor ; RopinsoN has in- 
formed us in his lecture upon the eye, that upon 
weighing theſe humors in an hydroſtatical balance, 
he found the agueovs and vitreous to be very nearly 
of the ſame ſpecifick gravity; and that the ſpecifick 
gravity of the chryſtalline, did not exceed the ſpe- 
cifick gravity of the others, in a greater proportion 
than that of cleven to ten; whence it follows, that 
the chryſtalline is not of ſuch great uſe in bringing 
the rays together, and thereby forming on the retina 
the pictures of outward objects, as it has been com- 
monly thought to be by optical writers; for though 
in ſhape it reſembles a double convex lens, and on 
that account is fitted to make the rays converge, yet 
foraſmuch as it is ſituated between two humors, 
which are nearly of the ſame denſity with itſelf, it 
can have but little force on the particles of light; 
for they are found by experience, to be refracted 
very little in paſſing out of one medium into another, 
when the difference in the denſities of the mediums is 
but ſmall. | | | | 
_ Behind all the coats and humors is ſituated the 
optic nerve, which paſſes out of the ſkull through a 
ſmall hole in the bottom of the orbit which contains 
the eye. O repreſents the optic nerve, SS the ſcle- Pl. 9. 
rotica or outermoſt coat, whoſe foremoſt tranſpa- Fig 1 
rent part ABF, is the cornea, CC. is the choroides, 
the fore part whereof AP, and FP conſtitutes the 
uvea or iris, with the pupil PP in the middle; RR 
is the retina, AD and FE the ciliary ligaments, os 
the 
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the chryſtalline humor, VV the vitreous humor, and 


WW the watry humor. 278075 got rngy 
Underneath the white of the eye are inſerted in- 


to the ſelerotica ſix muſcles, which take their riſe 


from different parts of the orbit, and are diſtin- 


guiſhed by different names, taken from the diffe- 


rent motions which they give the eye; their ten- 
dons ſpread themſelves over the /clerotica, ſo as to 


terminate in the confines of the cornea; by which 


means, when the ſix muſcles act together, they preſs 
the ſides of the eye towards each other, whereby 
the eye is lengthened, and at the fame time the 


"convexity of the cornea is encreaſed; both which 
effects are in ſome caſes abſolutely neceſſary in or- 


der to diſtin& viſion, as will appear preſently.. 
Having given this ſhort account of the conſti- 


tuent parts of the eye, I now proceed to lay before 


you, the manner of viſion. If an object as AB, be 
placed at a convenient diſtance before the eye, the 


rays which flow from the ſeveral points of the ob- 
ject, and falling on the cornea paſs thro? the pupil, 


will be brought together by the refractive power of 
the eye on ſo many correſponding points of the 


retina, and there paint the image or repreſentation 
of the object, in the ſame manner as the images of 


objects placed before a convex lens are exhibited on 
white paper, placed at a proper diſtance behind. 


Thus the rays which flow from the point A, are 


united on the retina at C, and thoſe which iſſue 
from B, are collected at D; and in like manner, 


the rays which proceed from the intermediate 


points of the object, are again united at ſo many 


intermediate points on the retina: On this union of 


Pl. 9. E 
Fig. 14- 
PI. 10. 


Fig 5 


the rays at the bottom of the eye, depends diſtinct 
viſion, for ſhould they be united before they arrive 
at the retina, or ſnould the point of their union lie 
beyond the retina, it is evident, that the rays from 


each point muſt take up ſome ſpace on the retina, 
| and 
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ed together on the fund of the eye, ſo as to exhi- 
dit a confuſed repreſentation of the object. 


Now forafmuch as the rays which fall upon the 


eye from radiating points, whoſe diſtances from the 
eye are different, have different degrees of diver- 
gence, the divergency of the rays increaſing as the 
diſtance of the radiating point lefſens, and leſſen- 
ing as that increaſes; and whereas thoſe rays which 
have greater degrees of divergence, require a 
ſtronger refractive power to bring them together at 
a given diſtance, than what is requiſite to make thoſe 
meet which diverge leſs, it is manifeſt, that in or- 
der to ſee objects diſtinctly at different diſtances, 
the eye muſt have a power of increafing and leſſen- 
ing its refractive force, and thereby of adapting it- 
ſelf to the different diſtances of objeQs ; and this 


it does by means of the fix mufcles which are in- 


ſerted into the ſclerotica; for when a radiating point 
is placed ſo near, as that the rays which iflue from 
it fall upon the eye with a conſiderable degree of 
divergence, the muſcles act ſtrongly on the eye, 
whereby the cornea is rendered more convex, and 


of conſequence refracts the rays with greater force; 


beſides by the lengthening of the eye from the joint 
action of the muſcles, the retina is removed to a 
greater diſtance from the cornea, by which contri- 
vance, the rays are made to conyene at the retina, 
notwithſtanding the great degree of divergence 


wherewith they enter the eye. As the radiating 


point recedes from the eye, and the divergency af 
the rays of courſe grow leſs, the muſcles relax 
— in order to leſſen the convexity of the 
- cornea, and to ſhorten. the eye, a leſs convexity of 
the cornea, as alſo a leſs diſtance between the cornea 
and retina, being requiſite to diſtinct viſion in greater 
diſtances of the obje& than in ſmaller. 
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guous points of the object will be mixed and blend- * 
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Tho? moſt mens eyes are ſo. framed. as to he;able 
to ſee diſtinctly at different . diſtances, yet ſome there 
are which are defective in this paint, as being. unable 
to ſee any thing ra but when placed very 
near; and this is the caſ 1 
called myopes, purblind, or ſhort ſighted; in ſuch 


the cornea. is too convex in proportion to the length 
of the eye; for which reaſon, all- thoſe rays Which 


iſſue from diſtant points, and of conſequence diverge 
but little when they enter the eye, are made to con- 


vene before they reach the retina. As theſe men 
advance in years, their eyes like thoſe of other old 


men, for want of a due ſupply of humors, abate 
of their convexity and grow. flatter; upon which 
account they begin to ſee objects diſtinctly at a diſ- 


tance, without the help of ſpectacles, and are for 


that reaſon deemed to have the moſt laſting eyes. 
By the help of | concave glaſſes, purblind perſons 
may ſee diſtant objects diſtinctly; for as it is the 
property of ſuch glaſſes to make the rays diverge, 
if the rays which flow from a diſtant point and fal 
upon the eye with a ſmall degree of divergence, be 
made to paſs thro' a concave lent of a proper con- 


cavity, they will thereby be made to diverge ſo 


much, as that the eye, notwithſtanding the great 
convexity of the cornea, ſhall not be able to bring 
them together till they arrive at the retina. _ 

If CD be a concave /ens, and if B be the focus of 


the. rays which flow from the point A; that is, if 


the rays which diverge from A, paſs thro' the glaſs, 
and by the refraction which they ſuffer in their paſ- 
ſage, proceed in ſuch a manner as if they had di- 
verged from B; and if the diſtance at which a 
purblind perſon ſees diſtinctly with his naked eye, 


be equal to the diſtance of B from the glaſs, ſuch 


a perſon will by the help of the glaſs CD, be able to 
ſee the point A diſtinctly; becauſe the rays which 


upon 


of their eyes who are 


flow from A, after they paſs thro' the glaſs, fall 
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| an his eye with the ſame degree of 2 Laser. 


as if they had iſſued from B, the point of 
E 
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viſion. Hence it follows, that if in the Theorem laid 


down in my laſt lecture, for finding the focus of 
double concaves expoſed to diverging rays, namely 


F = - 5 wherein F denotes the focus, D the 
diſtance of the point of divergence, and R the ra- 
dius of the concavity, we ſuppoſe F to denote the 
diſtance at which the purblind perſon ſees diſtin&ly- 


* 


without à glaſs, and D the diſtance at which he ſees 
diſtinctly by the help of the glaſs, by clearing R 


we ben have R Ii that be e fay, te 
of a double concave of 
equal concavities, which enables a purblind perſon 
to ſee an object diſtinctly, when placed beyond the 
reach of his naked eye, muſt be equal to a rectangle, 


— 


under the diſtance at which he ſees diſtinctly with 


bis naked eye, and the diſtance at which it is re- 
quired he thould ſee diſtinctly by the help of the 
glaſs, divided by the difference of thoſe diſtances. 


For inſtance, if a perſon with his naked eye can 


read at the diſtance of three inches only, and it be 
required to find. the, radius of ſuch a, glaſs as_ ſhall 
enable him to read at the uſual diſtance of eighteen. 
inches; in this caſe, F being equal to three inches, 
and. D to eighteen, their product is 54; which be- 


ing divided by their difference, which is 15, gives 


three and 2 in the quotient, which ſhews, that the 
radius of the glaſs muſt be three inches and g ths 


nearly. b | : 
Where the diſtance at which it is required the 


purblind perſon ſhall fee diſtinctly is infinite, or in; 
other words, where it is ſo. great, as that the diſtance. 


to which the power of his naked eye reaches, bears no 
ſenſible proportion to it, there D—F becomes equal 
to D, and of courſe, «an equal to _— 

25 : that 
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that in order to ſee ſuch objects as are very remote, 
purblind perſons muſt make uſe of concave glaſſes, 
whoſe radii are equal to the diſtances at which they 
ſee diſtinctly with their unarmed eye. 

As purblind perſons cannot ſee. remote objects 
diſtinctly, ſo on the other hand, thoſe who are old 
cannot, generally ſpeaking, ſee ſuch as are nigh; 
the reaſon of which is, that in old men the cornea, 
for want of a due ſupply of humor to plump out 
the eye, has not a degree of convexity ſufficient to 
brings the rays together on the retina, when they 
fall upon the eye with a conſiderable. degree of di- 
vergence; as is the caſe of all thoſe rays which flow 
from points ſituated near the eye. The proper re- 
medy for this defect is a convex lens, becauſe it leſ- 
ſens the divergency of the rays, and brings them 
nearer to a paralleliſm. If with reſpect to the 
convex lens CD, A be the focus of the rays which 
diverge from B; that is to ſay, if the rays which 
flow Hom B and paſs thro? the lens, do afterwards 
proceed in ſuch a manner as if they had diverged 
from A, and if the diſtance at which an old man 
can ſee diſtinctly with his naked eye, be equal to 
the diſtance of A from the glaſs, he will be able by 
the aſſiſtance of the glaſs, to ſee the nearer point B 
diſtinctly; becauſe the rays which iſſue from that 
point in paſſing thro? the glaſs acquire the ſame de- 
gree of divergence, with thoſe which flow from A, 
the point of diſtin& viſion, and of conſequence, 
may as eaſily be brought together on the retina, by 
the refractive power of the eye; hence if we take 
the Theorem laid down in my laſt lecture for find. 
ing the foci. of double convexes of equal convexities, 
and fit it to the caſe before us, where the focus is 


imaginary, by making F = 2, if then we 


RD? l 1 
ſuppoſe F to denote the diſtance at which an old eye 
ſees diſtinctly; and D the nearer diſtance at which it 
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equ al to —. So that the radius of ſach a dou- 


ble convex of equal convexities'as enables an old 
man to fee a nigh object diſtinaly, muſt be equal 
to a rectangle under the diſtance at which he ſees 
diſtinctly with his naked eye, and the diſtance at 
which he is to ſee by the help of the glaſs, divided 
by the difference of thoſe diſtances. To illuſtrate 
this by an example; ſuppoſe an old man cannot with 
his naked eye read at a leſs diſtance than of four feet, 
and it is required to aſſign the radius of ſpectacles 
which ſhall enable him to read at the diſtance of a 
foot and a half; in this caſe, F is four feet, and D 
is one and an half, and their product is ſix, which 
when divided by their difference, to wit, two and an 
half, gives 2759 in the quotient; which ſhews, that 

the ſpectacles muſt be ground to a radius of two 

feet and four tenths. Ne e 03 ae foie 

If F be infinite, which is the caſe where the eye 
can ſee nothing but what is extremely remote, then 
F—D is equal to F, and of conſequence, R is equal 
to D; ſo'that where an old man can ſee no objects 
diſtinctly but ſuch as are very far off, in order to ſee 
diſtin&ly at nearer diſtances, he muſt for each diſ- 
tance uſe ſuch ſpeCtacle glaſſes as have their radi? 
equal to the diſtance. won nut 4 98 
If D be given, then R becomes equal to t; 
and foraſmuch as the proportion of F to F—1. in- 
creaſes as F leſſens, R muſt do ſo too, which ſhews, 
that where the diſtances at which two old eyes when 
unarmed can ſee diſtinctly are different, in order to 
make them ſee diſtinctly at any leſſer given diſtance, 
the eye which can ſee at the ſmaller diſtance muſt 
be furniſhed with a glaſs of a greater radius than 

the other. And herein lies the whole ſecret of 
younger and or thoſe being 4 
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Having ſhewn you of what uſe both convex and 
concave glaſſes are in _—y defective eyes, I ſhall 
now lay before you the altefations which they pro- 
duce in the appearances of objects; and Firſt, as 
to convexes ; if an object be viewed through a convex 
lens, at a leſs diſtance than the facus, it appears more 
remote and bigger than it does to the naked eye, 
That it muſt appear more remote, will be evident, 
if we conſider what has been already proved in a 
former lecture, namely, that where rays fall upon 
aconvex lens, from a point leſk diſtant than the focus, 
after they have paſſed the glaſs, they proceed in ſuch 
a manner as if they had iſſued from a more diſtant 
point; and ſince this is the caſe of the rays which 
flow from each point in the object, the object muſt 
of conſequence ſeem to be more diſtant than it is, 
and it mult likewiſe appear greater; for if A B be 
- an object expoſed to a naked eye at O, its extream 
points A and B will be perceived by the eye by 
means of the rays AO and BO, which flow directly 
from thoſe points ro the eye, but if a convex lens, as 
C, be interpoſed, the eye will no longer perceive 
the extremities by means of the rays A O and BO, 
becauſe as they are refracted by the /ens, they are 
made to concur before they can reach the eye; the 
eye therefore muſt now perceive thoſe points by 
means of ſome other rays as A E and B D, which 
falling upon the glaſs at a greater diſtance from each 
other, are by the refractive power of the glaſs 
thrown into the directions E O and D O, and made 
to concur at O; ſo that continuing thoſe lines di- 
rectly backward as far as the object, to wit, to I and 
H, the eye at O will perceive the extream points 
of the object as ſituated at I and H; that is, it will 
. perceive the object magnified. And if the eye be 
farther removed from the glaſs ſuppoſe to P, the 
object will appear ſtill greater, its extremities = 
e that 
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that caſe appearing at L and K in the lines PG and Leer. 


PF produced. And on the other hand, if the eye XXII. 


continuing in its place, the object be farther remov. pl. 0. 
ed from the ent, it will appear larger; for whereas Fig. 5. 


at the nearer diſtance the eye perceives the extream 
points of the object by means of the rays A E and 


BD, which fall upon the Jens, at E and D, and are 


thence refracted to O; when the object is at the 
greater diſtance, its extremities cannot be ſeen by 
means of the rays incident on the glaſs at E and D; 
for ſince the interval between the extremities conti- 


nues the ſame, the rays which flow from them and 


fall upon the lens at E and D, will diverge leſs at a 
greater diſtance of the object than at a ſmallerg 
conſequently, they will concur before they reach 
the eye; and therefore in this caſe the extream 
points of the object muſt be conveyed to the eye by 
ſome rays as ad and bF, which diverging more 
than the former, fall without them at G, and F, 
whence they are refracted to the eye at O, in the 
lines G0 and FO, which being continued back- 
ward as far as the nearer diſtance of the object, to 
wit, to L and K, ſhew that the object which at the 
nearer diſtance appeared to extend itſelf only from 
Ito H, does at the greater diſtance ſeem to reach 


from L to K, and of conſequence, appears more 


magnified. oF | | | | 
If the object be removed beyond the focus, it 
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ing to the received principles of Dioptricks, it ought 
to appear at a diſtance, if poſſible more than infi- 
nite,” has.very much puzzled the writers of - opticks, 
and was looked upon as an inſuperable difficulty, 
till Doctor BERKEKLE took it into conſideration 


in his Eſay upon Vifion, wherein, among other dif- 
ficulties which he has cleared up relating to viſion, 


he has given us a natural and ſatis factory account 
of this. The ſubſtance of what he has there deliver- 
ed concerning this matter is, that by cuſtom and ex- 
perience we are taught to judge thoſe objects near 
which appear confuſed, becauſe, according to the 
ordinary courſe of nature, thoſe objects, and thoſe 
only appear confuſed which are brought very near 
the eye, and therefore if an object ſhall at any 
time appear confuſed, tho? from another cauſe, the 
mind will immediately connect nearneſs of diſtance 
in the object, with that confuſion in the appearance, 
as having always experienced them to go together; 
and the greater the confuſion is, the nearer it will 
judge the object to be, becauſe it has always ob- 


ſerved the neareſt diſtances to be attended with the 


greateſt contuſions : now if in the gaſe before us, 
we ſuppoſe A to be an object placed before the 
convex lens BC, at a greater diitance than the focus, 
the rays after they have paſſed thro' the glaſs will 
converge towards ſome point as D; if then an eye 


be placed at a little diſtance behind the glaſs, ſup- 


pole at E, it will perceive the object confuſed, be- 


cauſe as the rays fall upon it converging, they will 


be made to meet before they arrive at the fund of 


the eye, and conſequently, will be. ſcattered on the 


retina, and thereby render the appearance confuſed; 
if the eye be moved gradually backward to F, G, 


and D, or which is the ſame thing, if by carrying 
the object forward, the rays be made to fall upon 


the eye at leſs and leſs diſtances from the focus, they 
will be icattered more and more upon the retina, be- 


caufe the convergency wherewith they fall upon the 


| eye 


eye 1s by. ſo much the greater, by how much the Lzcr. 
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nearer the eye is placed to the focus or the point D; III. 


conſequently, the object as it is more and more re- 
moved from the glaſs, will appear more and more 
confuſed; for which reaſon, the mind which has 
been uſed to connect nearer diſtances with greater 
degrees of confuſion, will in this caſe judge the ob 
ject to approach, tho' in reality it recedes; and what 5 
fully confirms this is, that if by placing a concave 
glaſs at a proper diſtance between the eye and the 
convex, the convergency of the rays be taken off, 
and the appearance thereby rendered diſtinct, the 
object will then appear at its due diſtance. 

If an eye be removed from a canvex lens, beyond 


the place where the image is projected, that is, if 


the eye be farther from the lens than is the point D, Pl. 10. 
the object will appear in an inverted poſition, Fis 6. 
and ſeem to be ſituated between the eye and the 

glaſs; for in this caſe, the eye ſees only the image 

or repreſentation of the object, which, as 1 ſhew- 

ed in a former lecture, is projected at D in an in- 
verted poſition; upon looking at the image with 

both eyes, it appears double, and upon ſhutting ei- 


ther eye, the image on the contrary ſide diſappears; 


the reaſon of which is this, the eye at O perceives 
the image by means of the rays ODC, and there- 
fore ſees it on the ſame ſide with C, whereas the 
eye at P perceives it by means of the rays PD B, 
and on that account ſees it on the ſame ſide with B; 
as the head is moved farther back, the diſtance be- 
tween the two images muſt decreaſe, and at length 
vaniſh; for ſince the interval between the eyes con- 
tinues unvaried, the rays which exhibit the image 
to each eye, will diverge leſs and leſs as the head 
is more and more removed from D, as 1s evident. 
from the bare inſpection of the ſcheme; conſe- 


quently, the diſtance between the two images muſt 


continually decreaſe, and at laſt become ſo ſmall as 
to be inſenſible. ä 
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Pl. 10. 
Fig. 7. 
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As to concave glaſſes, fince it is their property 
to make the rays which flow from any point 


to diverge, in ſuch a manner as if they had ifſued 
from a point leſs diftant, it is evident, that an ob- 


je& ſeen thro* a concave lens, muſt appear nearer than 


it really is, and it muſt likewiſe appear diminiſhed; 
for the extream points of the object AB, are ſeen 
by the naked eye by means of the rays AO, and 
BO, which when the concave lens CD is interpoſed 
are made to diverge, fo as not to meet at O, con- 
ſequently, upon the interpofition of the glaſs, the 
eye will not perceive the extremities of the object by 
thoſe rays, but by ſome others as AK and BL, 
which falling within the former, are by the refrac- 
tive power of the glaſs made to proceed in the 
lines KO and LO, fo as to meet at O; wherefore 
continuing OK and OL backward to the object, 
the extremities of the object will be ſeen at E and 

F, that is, the object will appear to be leſs than it 
really is; and by the ſpreading of the rays in their 
paſſage thro* the ghaſs, ſome of them are made to 
eſcape the eye, which if the glaſs were removed, 


would fall upon the pupil; for which reaſon, the 


object muſt appear leſs luminous; ſo that the pro- 
perty of concave glaſſes is to make objects appear 
ſmaller, nearer, and more faint and obſcure, than 
they do to the naked eye. 


LECTURE XXIII. 
Or CATOPTRICKS. 


FN this lecture, wherewith 1 ſhall cloſe this courſe, 
I ſhall explain to you the Doctrine ꝙ Caror- 


» TRICKS, or that part of Opticks which treats of the 
e ee 
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reflection. of light; in doing of which, I ſhall firſt Lzcr. / 


ſay ſomething concerning the cauſe of that reflexi- 
on; Secondly, I ſhall lay down two principles, 
which are the chief foundation of Catoptrictt; and 
laſtly, I ſhall lay before you the moſt remarkable 
properties of plain and ſpherical mirrors. 

As to the firſt, before Sir -Isaac NzwTon pub- 
liſhed thoſe wonderful and ſurpriſing diſcoveries 
which he made, concerning the nature and proper- 
ties of light, it was an opinion generally received 
by the writers of opticks, that the rays. of light 
were reflected in the manner of other bodies, by 
ſtriking on the ſolid and impervious parts of bodies; 


but that great philoſopher has fully proved this opi- 


nion to be erroneous; and has ſhewn, that the par- 


ticles of light are turned back before they touch the 


reflecting body, by ſome power of the body which 
is equally diffuſed all over its ſurface; what he has 


delivered concerning this matter, is to be met with 


in the eighth Propofetion of the ſecond Book of his 
Opticks, wherein, after he has offered ſeveral reaſons 
to prove that light is not reflected by — 
againſt bodies, he at laſt expreſſes himſelf in the fol- 
lowing manner; © Were the rays of light reflected 
te by impinging on the ſolid parts of the bodies, their 
c reflections from poliſned bodies could not be fo 
* tegularas they are; for in poliſhing glaſs with ſand, 


«putty, or tripoly, it is not to be imagined, that 


40 thoſe ſubſtances can, by grating and fretting the 
« glaſs bring all its leaſt particles to an accurate po- 
< liſh, ſo that all their ſurfaces ſhall be truly plain, 


« or truly ſphericai, and look all the ſame way, ſo 


* as together to compoſe one even ſurface. The 
* ſmaller the particles of thoſe ſubſtances are, the 
& ſmaller will be the ſcratches by which they con- 
4 tinually fret and wear away the glaſs until it be 


&. poliſhed; but be they never ſo ſmall, they can wear 


„away the glaſs no otherwiſe than by grating and 
| « ſcratching 
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% < ſcratching it, and breaking the protuberances, 
and therefore poliſh it no otherwiſe than by bring- 
<« ing its roughneſs to a very fine grain; ſo that the 
* ſcratches and frettings of the ſurface become too 
c ſmall to be viſible. And therefore, if light were 
e reflected by impinging on the ſolid parts of the 
„ glaſs, it would be ſcattered as much by the moſt 
< poliſhed glaſs, as by the rougheſt. So then it re- 
* mains a Problem, how glaſs poliſhed by fretting 
_ © ſubſtances can reflect light ſo regularly as it does; 
ce and this Problem is ſcarce otherwiſe to be ſolved, 
_ ©. than by ſaying, that the reflection of a ray is effe&t- 
< ed, not by a ſingle point of the reflecting. bod 
* but by ſome power of the body, which is evenly 
4 diffuſed all over its ſurface, and by which it acts 
ce upon the ray without immediate contact.“ 
Now taking it for granted, that this repelling 
power is the true cauſe of reflection, if it be ſup- 
poſed to act upon the rays of light in lines perpen- 
dicular to the ſurface of the reflecting body; it 
will thence follow, that the angle of incidence, or 
the angle contained between the incident ray, and a 
line drawn perpendicular to the reflecting ſurface at 
the point of incidence, is equal to the angle of re- 
flexion, or the angle contained between the ſame 
perpendicular and the reflected ray. For if we ſup- 
poſe a ray of light to move in the direction A C, 
towards the reflecting ſurface BQD; and if we ſup- 
poſe that motion to be reſolved into two, one in the 
direction AE; parallel to BD, and the other in the 
direction A B, perpendicular to B D, it is manifeſt, 
that of thoſe two motions, the latter only is oppoſ- 
ed to the repelling force; and of conſequence, the 
ray after reflexion, will go on in the parallel directi- 
on, with the ſame velocity it did before; and for- 
aſmuch as the repelling force which oppoſes the per- 
pendicular motion, acts inceflantly, it no ſooner de- 
A the m motion of the ray towards the body, but 
84721 it 
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it gives an equal degree of motion the contrary 


. 


way; that is, it throws it back with the ſame per- 
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pendicular velocity wherewith it approached. If "YY 


therefore E G be taken equal to A E, and from G 
be let fall G D equal and parallel to A B, E G will 
expreſs the parallel motion of the ray after reflexi- 
on, and D G its perpendicular motion;. and the 
diagonal line C G, will be aftually deſcribed by the 
ray, by virtue of its compound motion; and from 
the nature of ſimilar triangles, the angle of inci- 
dence ACE, muſt be equal to E CG, the angle of 


reflection; and this is the firſt of thoſe principles 


whereon the doctrine of Catoptricks is founded. The 


ſecond is, that every radiant point when ſeen by re- 


flexion, appears in that place where the reflected 


ray meets the perpendicular, drawn from the radiant 
point to the reflecting ſurface; for inſtance, if from 
a radiant point as R, placed before the plain ſpecu- 
lum AB, be let fall the line RE M, perpendicular 
to the plane of the /peculum; and if RC and CD 
be ſo drawn, as that the former may denote the inci- 
dent ray, and the latter the reflected; and if D C be 
continued on, till it meets the perpendicular RE M; 
an eye at D will perceive the radiant point, as 
placed at M, the point of interſection of the reflect- 
ed ray, and the perpendicular; and thus it is in all 
caſes of reflexion, except two, wherein this prin- 
ciple ſeem to fail; one whereof relates to plain 
glaſs ſeculums, and the other to concave ſpherical 
mirrors; the latter has been obſerved by Taquer, 
Doctor Barrow, and others; but the former has 
not been mentioned by any one of the optick writers 
that I know of; I ſhall take notice of each in-its 
proper place, and proceed now to conſider the chief 
properties of mirrors, and firſt, of ſuch as are 

plain. =o | 
When an object is ſeen by reflection from a plain 
ſpeculum, its image appears as far behind the Hecu- 
lum, as the object is before; for the proof of which 
let 


Pl. 10. 
Fig. 8. 
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Lzer. let R be an object placed before the plain /peculum 
XXIII. A B, and let it be ſeen by reflexion from t e point 
8 C, by an eye ſituated ſomewhere in the line CD, 
Fig. 9 then producing C , till it meets the perpendicular 
REM, the image will, by the ſecond principle, 
appear at M; now the angles of incidence and re- 
flexion being equal, their complements are ſo too, 

that is to ſay, the angle R CE is equal to D CB or 
MCE; ſo that in the two right-angle triangles, 

the angles at C being equal, and the fide E C 
common to both, the triangles muſt be equal, 

and the ſide ME, that is, the diſtance of the 
image behind the 5 eculum muſt be equal to RE, 

the diſtance of the object before the ſpeculum; and 

the ſame thing is in like manner demonſtrable, 

tho? the point of reflection be taken different from 

C; for the reflected ray will conſtantly meet the 
perpendicular i in the point M; whence it follows, 

that however the ſituation of the eye with reſpe& 

to the mirror may be changed, yet if the object 

and mirror remain unmoved, the image will al- 

ways appear in the ſame place; it likewiſe fol- 
lows, that there cannot appear | more than one 
image of one and the ſame object: but then this 

is to be underſtood with reſpect to fuch mirrors, as 

being opaque, have but one reflecting ſurface; for 

in looking-glaſſes, which by reaſon of their tranſ- 
parency, have a double reflexion in ſome certain 
poſitions of the eye and object, ſeveral images 

Pl. 10. may be ſeen. Thus if AB be a lookin -glaſs, R 
Fig. 10. the flame of a candle, placed at a ſmall diſtance 
Exp. 1. before AH, the plane of the glaſs produced, an 
eye being placed at Q, ſhall ſee ſeveral images 
ſtanding at ſmall diſtances one beyond another, in 

the fame poſition with the letters, C, D, E, F, 
whereof the firſt and ſecond appear bright and lu- 
minous, and the reſt but faint and obſcure; for the 

feyerat | images taken in their order from the ſecond 

* more and more dark and obſcure, till at length 

they 


* * r A WS R h . 
N 7 1 * PS. is "> IL 7 . A 2 * 5 
: 


— 


Or CATOPTRICKS. — 


they become too weak and feeble to affect the ſight, EE r. 
and of conſequence vaniſh. | „ a 2 
In order to account for this multiplicity of ima 
8, let ABCD be a looking-plaſs, whoſe neareſt Pl. 10. 
ſurface, or that which lies next the eye, is AB, and Fig. 11. 
its farther or filvered ſurface is DC, R the place of 
the candle, and Q the place of the eye, RS a line 
drawn from the candle perpendicular to AO and 
D the two ſurfaces of the glaſs produced; the 
— REA being made equal to QEB, and the line 
QE being produced till it cuts the perpendicular 
RS in T, the eye ſhall ſee the firſt image at T, by 
means of the reflexion from the outward ſurface ; 
AB, the ray RE being reflected to the eye from 4 
the point E. Let a ſecond ray as RG, pals into the 
50 at G, and being refracted to the point H of the 
arther ſurface, let it thence be reflected to K, and 
there paſſing out of the glaſs, let it by refraction be | 
carried to the eye; let then QK be produced, and 
the eye ſhall ſee a ſecgnd image ſituated in that line, 
and that ata little diſtance beyond the perpendicular 
RS; for if the rays ſuffered no refraction in paſſing | 
in and out of the glaſs, the ſecond image would not 
be ſeen by means of the ray RG, but by means of | 
the ray RH, which paſſing directly from R to H, 
is thence reflected directly to Q, and being produced N 
till it cuts the perpendicular in X, would exhibit 1 
the ſecond image at X; but foraſmuch as the place 6 
of the image is changed by the refraction, and | 
brought nearer to the glaſs, if we ſuppoſe the line 
Q to be moved upwards about the point Q, till | | 
it coincides with the line Q V, in which the ſecond | 
image really appears, the point X muſt neceſſarily 
fall beyond the perpendicular, and ſo of conſequence, 1 
maſt the place of the image. Let now a third ray 4 
as RF, paſs into the glaſs at F, and be refracted to | 
L, and from thence let it be reflected to E, and from 


E to M, and from M to N, where let it go out, and 
| be 
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zer. be refracted to the eye at Q; then producing N 
XXIII. to W, a third image will appear in that line ſome- 

where beyond the perpendicular; for were there no 


the perpendicular. 


9 Y G 8 * 9 * 7 As 


Or CATOPTRICKS. 


refraction, the ray which after three reflexions ex- 
hibits the third image, would when produced cut 
the perpendicular in the point S; and therefore, 
ſince the line QS is raiſed up by the refraction, and 
made to coincide with the line QW, the point 8, 
that is, the place of the third image, muſt fall beyond 

As a third image is ſeen by means of three re- 
flexions, ſo is a fourth by five reflexions, a fifth by 


ſeven, a ſixth by nine, and ſo on according to the 


progreſs of the odd numbers, every ſucceeding image 
being ſeen by two reflexions more than the preced- 
ing; and this is the true reaſon why, ſetting aſide 
the firſt and ſecond, which being ſeen each by one 
ſingle reflex1on, appear almoſt equally bright, every 
ſucceeding image appears more dim and faint than 


the foregoing, the rays of light being rendered more 


weak and feeble by reflexion. 


Or CATOPTRICKS. 
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If two plane /peculums as A B and CD, be ſet pa- 
rallel to one another, and an object be placed any 


where between them as at E, the rays of light 


which iſſue from the object and fall upon each /pe- 
culum, will be reflected backward and forward from 
one to the other a great number of times; by which 
means there will appear in each /peculum a great 
number of images fituated one behind another, in 
a right line perpendicular to the ſpeculums, and paſs- 


ing through the object at E; in order to determine 


the 
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Lzcr. the diſtances of the ſeverdl images from the Hecu- 
XXIII. Jums, let EY, the diſtance of the object from the 
/eculum A B, be denoted by X, and let Z V, the 
interval of the glaſſes, be denoted by D; and let 

us firſt conſider the reflexion which begins from the 
peculum AB; if YF be taken equal to X, then F 

will be the place of the firſt image; and foraſmuch 

as the image at F may be looked upon as an object 

placed before the Hpeculum CD, if Z M be — 

equal to FZ, that is, to DX, there will appear 

an image at M; which being conſidered as an ob- 

ject with reſpect to the other ſpeculum A B, and 

YH being taken equal to MY, or 2D+X, another 

image will be ſeen at H; and for the ſame reaſon, 

if Z O be taken equal to HZ, or 3D+X, there 

will another image appear at O, and ſo on; again, 

i we conſider the reflexion, which begins from the 
ſpeculum CD, by taking ZL. equal to EZ, or D—X, 

we ſhall have L for the place of an image in the 

1 ſpeculum CD; and by making YG equal to LY, 

if or 2D—X, we ſhall have the place of another 

| image in the /peculum AB; and again, by taking 
1 ZN equal to GZ, or 3 D— J, we ſhall have the 

W _- place of another image in the fpeculum CD, and fo 
1 on. From this manner of determining the places of 

| ſeveral images, it is evident that if D, which ſtands 

for the diſtance of the glafſes, be multiplied into 
1 each of the even numbers taken in their order, and 

1 if X, which denotes the diſtance of the object from 

| AB, be ſubducted from each product, and likewiſe 

added to each, the differences, and the ſums taken 
in their order, will expreſs the diſtances of the ſeve- 
ral images from the /peculum AB, the diſtance of 
the firſt being X; that is to ſay, the diſtance of the 
ſecond image will be 2D—X, of the third 2 D＋X, 
of the fourth 40 —, of the fifth 4D+X, and ſo 
on according to the firſt Table. 
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Difances of the ſeveral inages from the ſycculiim 
X „ 
2D—X 
2D EX 
4D—X 
4D + L 
6D—YX 
6D+X 
8D—X 
Xc. ; 


If D be multiplied into each of the odd numbers 
taken in their order, and if X be deducted from 
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each product, and likewiſe added to each as before, 


the differences and the ſums taken in their order, 
will expreſs the diſtances of the ſeveral images from 
the /peculum CD, as in the ſecond Table. 
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The diſtances of the 2 images from the ſpeculum 
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If by moving the object nearer to AB, X be- 
comes leſs, then all thoſe images whoſe diſtances are 
expreſſed by thoſe ſymbols wherein X is affirmative, 
will come nearer to the ſpeculums, whilit thoſe whoſe 
diſtances are expreſſed 2 ſymbols wherein X is 

8 negative, 
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negative, move farther off; thus in the ſpectulum : 
AB, the firſt, third, fifth, ſeventh, and ſo on, will 


approach, and the ſecond, fourth, ſixth, eighth, and 


ſo on, will recede; ſo that the ſeveral images, be- 
ginning from the firſt, will approach and recede 
alternately; and on the other hand, thoſe in the 
ſpeculum CD will recede and approach alternately, 
beginning from the firſt; hence, if a man puts his 
hand between the two ./peculums, and moves his 
palm towards one of them, a perſon looking into 
the other, ſhall ſee ſeveral pairs of hands, palm to 
palm, approaching each other. . 

If two plane /peculums as AC and BC, be inclined 
to one another, ſo as to meet in an acute angle at 
C; and if an object be placed any where between 
them, ſuppoſe at F, an eye looking into either, ſhall 
ſee ſeveral images ſtanding in the circumference of 
à circle, whoſe centre is at C the concourſe of the 
ſpeculums, and its radius equal to CF the diſtance of 
the object from the concourſe; for if from F be 
drawn FD perpendicular to the Hpeculum CA, and 
KD be made equal to FK, D will be the place of 
an image in the /pecul/um CA; and if from D be 


drawn DE perpendicular to the Hpeculum CB, and 


produced till HE is equal to DH, E will be the 
place of an image in the ſpeculum CB, and thus by 
drawing perpendiculars continually from the place 
laſt found to the oppoſite ſpecul/um may the places 
of all the images be found which are ſeen by means 
of thoſe reflexions, the firſt whereof is made from 
the /peculum CA; and in the ſame manner, by draw- 
ing the perpendiculars FG, GL, and ſo on, may the 
places of all thoſe images be found which are ſeen 
by means of the reflexions whereof the firſt is made 
from the ſpeculum CB. Now that the points D and 
E are in the circumference of the circle whoſe 
radius is CF, I thus prove; in the triangles CFK 
and CDE, the ſides FK and DK are equal by the 

I | | conſtruction, 
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conſtruction, and CK is common to both, and the 
angles at K are right ones, wherefore the two, tri- 
angles are equal, and of conſequence CD is equal 
to CF; again, the triangle CDH is equal to the tri- 


angle CEH, the fides DH and EH being by con- 


ſtruction equal, as are alſo, the angles at H, where. 


fore CE is equal to CD, which is equal to CF, con- 


ſequently, a circle deſcribed on the center C, with 
the radius CF, will paſs thro* the points D and E; 
and by the ſame way of reaſoning, it will be found 
to paſs thro' G and L, and thro” the extremities of 
all the other perpendiculars; and therefore the ſeveral 
images mult of neceſſity appear in the circumference 


of a circle whoſe center is at the concourſe of the 
ſpeculums, and who radius is equal to the diſtance 


of the object from that, concourſe. From what has 
been ſaid, it follows, that if the diſtance of the ob- 
je& from the concourſe: of the {peculums be given 
the images will {till appear in the circumference of 
the ſame circle, notwithſtanding, any alteration that 
may be made in the angle whereat the  /peculums 
meet; if that be enlarged, the images will be fewer 
in number, and at- greater diſtances from one ano- 
ther; and on the other hand, if it be made leſs, the 
images will be more in number, and ſtand cloſer 


together, but the circle in whoſe circumference they 


appear, will be the fame in both caſes; for that is 
not to be leſſened or enlarged otherwiſe, than by 
leſſening or enlarging the diſtance of the object from 
the concourſe of the /peculums. |... ,. SO 


95 3 - 


Having laid before you the chief properties of 


plain /peculums,. I come now to confider ſuch ſpe- 
culums as are ſpherical ; and they are of two ſorts, 
concave and- convex; concerning which it mult be 
obſerved, that as all the rays which fall upon them 
from a radiating, point, are reflected in ſuch manner 


as to meet the perpendicular very nearly in one 


and the ſame point; in order to find out the focus, 
| 2 2 or 
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Leer. or the place where the reflected rays croſs one ano- 
XXIII. ther, nothing more is neceſſary, but to determine 


1e point wherein any one reflected ray meets the 
perpendicular; which may be done in the followin 


Pl. 10. Manner; let A be a radiating point, expoſed di- 


reckly before the concave glaſs FG, whoſe center is 
C, AB a perpendicular from the radiating point to 
the /peculum, which likewiſe denotes the diſtance of 
the radiating point from the /peculum, AD a ray 
Falling on the ae "a6 D, whoſe. diſtance from 
PB is mdefinitely ſmall, DE the 'TeffeQed ray meet- 
Ing the perpendicular in E, CD a radius drawn to 
the point of incidence, and of confequence biſect. 
Ing the angle ADE in the triangle ADE; ſince the 
angle at D is bifected by the line DC, which cuts 
the oppoſite fide, AD is to DE, as AG to CE; 
but foraſmuch as the points D and B are ſuppoſed 
to be indefinitely near, AD is equal to AB, and 
'ED is equal to EB, wherefore AB is to EB, as AC 
is to CE; that is the diſtance of the radiating point 
from the /peculum, is to the diſtance of the point 
E, where the reffected ray cuts the perpendicular, 
commonly called the point of interſection, as the 
"diſtance of the radiating point, leſſened by the 
rallius, is to the radius, leſſened by the diſtance of 
the point of interſection; that is putting D for 
the diſtance of the radiating point, F for the diſ- 
"tance of the point of interſection, and R for the 
radius, D: F:: D— R: R-; conſequently, 
reducing this analogy into an equation, and clear- 
ing F, F will be found equal to 


5 R 


the diſtance of the point of interſection from the 
ſpeculum, and conſequently the diſtance of an image 
formed by reflexion from a concave ſpeculum, is 
equal to a rectangle under the diſtance of the object 
from the ſpeculum, and the radius, divided by twice 
the diſtance of the object leſſened by the _ 
5 6 Hence 
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Hence it follows, that if an object be placed before 


a concave ſpeculum, at an infinite diſtance, that is, 
if the diſtance be ſo great as that the radius of the 


ſpeculum bears no ſenſible proportion to it, the image 
will appear on the ſame fide. of the ſpeculum with 


the object, at the diſtance of one half the radius from 
the ſpeculum; for in this caſe, D being infinite, 
2 D-. R becomes equal to 2 D, and of . conſequence, 
F is equaal to R givided by 2; ſo that one half the 


radius is the leaſt. diſtance at which an image, can 
be projected from a concave ſpeculum on the lame 
ſide with the object; and. foraſmuch as the: ſun's. 


image, which, by reaſon. of the immenſe diſtance, of 
his body, is; formed at the diſtance of half the ra- 
dius from the /pecu/um,. is there apt to burn, that 
place is uſually called the focus or burning point. 

As the object approaches the /peculum, the image, 
recedes; for as in one and the ſame ſpeculum, the 


radius is a ſtanding quantity, it is manifeſt, that as 


D leſſens, the proportion of DR. to 2D R muſt 
increaſe, conſequently, F, or the diſtance. of. the 
image from the /pecu/um muſt, do ſo too; and when, 
the object has approached ſo near the ſpeculum.as to 


be at the center, the image will have receded ſo far 


as to be there likewiſe; for in this caſe, D being 
equal to R, 2D—R. is equal to R, and, of conſe, 
quence, F is equal to D; ſo that the object and its 
image meet at the center of the peculum,; upon the 
obje& 's paſſing from the center towards the glaſs 
the image is projected beyond the center, and when 
the object has approached ſo, near the /peculum,. as 
to be diſtant from it but half the radius, the image 
is at an infinite diſtance; for in this caſe, D being 
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equal ta half the radiw, 20D — R is nothing, con- 


ſequently, F, that is the diſtance of the image, is 
infinite; or to ſpeak more properly, the rays after 
reflexion proceed parallel; for which reaſon, if the 


flame of à candle be placed directly before a con- 
| : | i cave 


| 
| 
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Laer. cave ſpeculum, at the diſtance of half the radius, 

XXIII. the fpeculum will ſeem to be in flames, and the re- 

fleQed light will be fo intenſe, as that by the help 

of it one may be able to read at a very conſiderable 

diſtance from the ſpeculum. Taquxr aſſerts, that he 

has read at the diſtance of no leſs than 400 feet; and 

to ſay the truth, the diſtance would be without li- 

mits, were it not for the atmoſphere, whoſe par- 

ticles continually intercept the rags, and by ſo do- 

ing at length totally extinguiſh the light. It ſome- 

times happens, that when the flame of a candle is 

placed in the focus of a concave /peculum, its image 

is projected on a diſtant wall, which ſeems to in- 

validate the truth of what I juſt now proved con- 

cerning the paralleliſm of the rays after reflexion, 

but this is occaſioned by the flames being too large 

to be contained totally within the focus; for were it 

ſo ſmall as to lie wholly within the focus, it would 

not project an image, but the rays after reflexion 

: would form a cylindrical body of light, which 

when projected on a diſtant wall, would have a cir- 

cular figure, of an equal circumference with the 
eculum. 

When the diſtance of the object from the ſpecx- 
lum is leſs than half the radius, the image appears 
behind the Hpeculum; for in this caſe, 2D—R is a 
negative quantity, and of coniſequenee, ſo 18 F, 
which ſhews, that the diſtance of the image which 
is denoted by F, muſt be taken on the other ſide of 
the ſpeculum, with reſpect to the object; as the ob- 
ject moves nearer to the ſpecu/um before, ſo likewiſe 
does the image behind; and when the object is ſo 
near as to touch the ſpeculum, the image does the 
ſame; for in this cafe, D being nothing, F, that is, 
the diſtance of the image from the ſpeculam, i is like- 

\ wile nothing. 

As to the poſition of the images Which are ſeen 
by reflexion from a concave ſpeculum, thoſe which 

appear 
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appear on the ſame ſide of the ſpeculum with the 
object muſt be inverted, and thoſe which appear 
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behind the /pecu/um muſt be erect. For the proof pfl. 10. 
of which, let AB be an object placed before the Fig. 14. 


concave ſpeculum FG, at any diſtance beyond the 


center C, in which caſe the image will be ſeen be- 
- tween the center and the ſpeculum, ſuppoſe at DE; 
from A and B, the extream points of the object, 
let the lines AH and BI be drawn perpendicular to 


the ſpeculum, and of conſequence croſſing one ano- 
ther at the center; this being done, ſince the image 
is ſuppoſed to be at DE, and ſince every point of 
an image is ſeen in the perpendicular drawn from 
the correſponding point in the object, it is manifeſt, 
that D, the loweſt point of the image, will correſ- 
pond to A, the higheſt point of the object, and E, 
the higheſt point of the image, will correſpond to 
B, the loweſt point of the object, that is, the 
image will appear inverted. And by the ſame 
way of reaſoning, if DE be the object, ſituated 
at ſuch a diſtance between the ſpeculum and the 


center, as to have its image projected beyond 


the center at A B, the image mult appear inverted. 
On the other hand, where an object as DE, is 
placed between the ſpeculum and the center, and 
conſequently, projects an image behind the ſpecu- 
lum; for it muſt be obſerved, that the ſame object 


DE, which when ſituated between the center and 
the /peculum, at a lefs diſtance from the center than 


half the radius, projects an image as AB beyond 
the center, does likewiſe project another image as 
HI, behind the Hheculum; and as the former image 


is viſible to an eye placed beyond it, ſo the latter 
image is viſible to an eye placed between the 
object and the ſpeculum, and it muſt appear erect, 


inaſmuch as the perpendicular CH, which paſſes 


thro D the higheſt point of the object, does likewiſe 


pals thro? H, the higheſt point of the image. 
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As to the magnitudes of an object and i its image 


I. they are to one another in the ſame proportion with 
W ſquares of their diſtances from the ſpeculum; for 


Pl. 10. 
Pls: 13. 


if the line LC M be drawn thro? the center C, per- 
pendicular to BA, DE, and HI, and conſequently, 
biſecting the angle at G, if BA be the length or 
breadth of an object, and DE the length or — 
of its image projected on this ſide the /pecuum, then 
LA and OD will be half the length or breadth of 
the object and its image, and the triangle CLA 
being ſimilar to COD, LA is to OD, and conſe- 
quently BA to ED, as LC to OC, that is, the 
length or breadth. of the object, is to the length or 
breadth of its image, as the diſtance of the obje& 
from the center of the /pecu/um, to the diſtance of 
its image from the ſame center; but it has been 
proved, that as AC, the diſtance of the obje& 
from the center, is to EC, the diſtance of the image 
from the center, ſo is AB, the diſtance of the ob- 


| ject from the /peculum, to EB, the diſtance of the 


image from the ſpecu/um; conſequently. the length 
or breadth of an object is to the length or breadth 
of its image, as the diſtance of the object from the 
ſpeculum, to the diſtance of the image from the 
ſpeculum; and foraſmuch as fimilar ſurfaces are to 
one another. as the ſquares of their homologous 
ſides, the magnitude of the object, is to the mag- 
nitude of the image. as the ſquare of the object's 
diſtance from the ſpeculum, to the ſquare of the 
. Image's diſtance. And by the ſame method af ar- 
_ guing, if DE be an obje& whoſe image behind 


the /peculum is HI, the magnitude of the former 


will be found to be to the magnitude of the latter. as 
the ſquare of KO, to the ſquare of KM. Hence 
it follows, that the obje& during its continuance 
beyond the center, muſt appear larger than its image, 
as being more diſtant from the ſpeculum, and when 


It 1 is in the center, where it meets the image, it 


muſt 
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muſt appear equal to it, but being on the ſame fide 
of the center with the /pecu/um, it muſt be leſs than 
its image, which in that caſe lies beyond the center, 
and conſequently, it is at a greater diſtance from the 
ſpecutum. | . | | 
It likewiſe follows, that the image which appears 
behind the Hpeculum is ever larger than the object; 
for ſince MK, the diſtance of the image behind the 


ſpeclulum, is to OK, the diſtance of the object be- 


from the center, to OC, the diſtance of the ob- 
ject from the center; and ſince in this caſe, the ob- 
ject is always leſs diſtant from the center than its 
image during the appearance of the image behind 
the ſeculum, it is evident, that the image muſt ap- 
pear larger than the object; but then this is to be 


underſtood with reſpect to ſuch images only, as are 


projected by objects leſs diſtant than the center; for 
if an object be beyond the center, an eye being cloſe 
to the /pecu/um, ſhall fee the image at the ſame dif- 
tance, and of an equal magnitude with the object; 


and in this caſe, the ſeveral parts of the image do 
not appear in thoſe points where the perpendiculars 


from the correſponding points of the object meet 
with the reflected rays; the reaſon of all which 
ſeems to be this, the portion of the ſpecu/um which 
the eye makes uſe of in this caſe 1s ſo exceedingly 
ſmall, that notwithſtanding the ſpherical figure of 


the /peculum, it may be looked upon as plane, and 


coniequently, the appearances muſt be the ſame as 
in other plain /pcculums; that is, the image muſt 


appear as far behind the ſpecu/um as the object is 


before it, and of the ſame magnitude with the ob- 


If an image formed on this ſide a concave ſpecu- 
lum be looked at with both eyes, it will appear 
double, provided the diſtance of the eyes from the 
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the contrary image will diſappear; for ſince the re- 
fleted rays which form the ſeveral points of an 
image meet and croſs one another at the image, 
thoſe which enter the right eye muſt be reffected 
from the left ſide of the ſpeculum, and thoſe which 
fall upon the left eye, muſt be reflected from the 
right ſide of the ſpeculum, and of conſequence, one 
and the ſame point of the image muſt appear to the 
right eye, as ſituated before the left ſide of the He- 


culum, and to the left eye, as ſituated before the 


right ſide of the ſpeculum; that is, it muſt appear 
double, and the right or left image muſt vanifh up- 
on cloſing the contrary eye, Thus, if the point 
C of the image AB, be looked at with both eyes, 


one whereof is at O, and the other at Q, the eye 
0 


at O ſhall ſee it by means of the rays „which 
are reflected from N, and of conſequence, ſhall ſee 
it as placed before N, but the eye at Q ſeeing it by 
means of the rays QM, which proceed from-M, 
ſhall ſee it as ſituated before M, for which reaſon, 
the point C will appear double; and what has been 
thus ſhewn with reſpect to the point C, may in the 
ſame manner be ſhewn, with regard to all the other 
points in the image, and therefore the whole image 
mult appear double; as the eyes are more and more 
removed from the images, they approach nearer 
together, and at length coincide; the reaſon of 
which is plain, from the bare inſpection of the fi- 
gure; for ſince the interval of the eyes continues 
the ſame, it is evident, that when they are farther 
removed from the image, the rays whereby they ſee 
the point C muſt be reflected from parts of the 


ſpeculum leſs diſtant from one another than M and 


N,, and the diſtance of the parts of the /peculum 
which reflect the rays to each eye, muſt continu- 
ally leſſen as the eyes are more and more removed 
from the image, and at certain diſtances of the 
eyes, mult become fo ſmall as not to be. ſenſible. 
| And 
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And thus much concerning ſuch ſpherical /pecu-! Len. 
lums as are concave. As to convex ſperulums, in III. 
order to determine the places of images formed by N 
reflexion from them, Let A be a radiating point, Pl. 10. 
expoſed directly before the convex ſpeculum H K, Fige 16. 
whoſe center is C, AB a perpendicular from the 
radiating point to the ſpecu/um, which likewiſe 

denotes the diſtance of the radiating point from 

the ſpeculum, AD a ray falling on the ſpeculum at 

D, whoſe diſtance from B is indefinitely / ſmall, 

DE the reflected ray meeting the perpendicular in 

E, CD a radius drawn to the point of incidence, 

and of conſequence biſecting the angle FDE; let 

the angle FCD be made equal to ECD, and let 

CF. be continued till it meets AD produced; this 

being done, it is evident, that the angle at C in the 

triangle ACF, is biſected by the line CD, which 

cuts the oppoſite ſide, conſequently, A C is to FC, 

as A D to DF; but foraſmuch as D and B are ſup- 

poſed to be indefinitely near, A is equal to A B, 

and D E to BE; and becauſe the triangles CF D 

and CE D are equal, DF is equal to DE, and FC ; 
is equal to CE; wherefore, AB is to BE, as ace 
to CE; that is, the diſtance of the radiating point 

from the ſpeculum, is to the diſtance of the point 

E where the reflected ray cuts the perpendicular, 

which is called the point of inter ſection, as the ſum 
i of the diſtance of the radiating point and the radius, 
to the radius leſſened by the diſtance of the 
point of interſection; that is, putting D for the 
diſtance of the radiating point, F for the diſtance 

of the point of interſection, and R for the radius as 

before, D: F:: DTR: R— F; conſequently, 
reducing this analogy into an equation, and clear- 


ehe 


ere. e 


2 w 


ing F, F will be found equal to xi that is, 
the diſtance of the point of interſection behind the 


ſpeculum, and conſequently the diſtance of an image 
FR fn i behind 
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behind the /peculum, is equal to a rectangle under 
the diſtance of the object from the ſpeculum and 
the radius, divided by the ſum of twice the diſtance 


of the object added to the radius. Hence it follows 


that if an object be placed ſo near a convex. ſpeculum 
as to touch it, its image will do ſo too; for in this 
caſe D being nothing, F is likewiſe nothing; as 
the object recedes from the ſpeculum, the image goes 
off behind; and when the object is removed to an 
infinite diſtance, the image appears behind in the 
midway between the /peculum and its center; for in 
this caſe, D being infinite, 2D+R becomes 2D, 


and of conſequence, F is equal to =, ſo that ob- 


jects ſeen. by reflexion from convex ſpherical ſpecu- 
lums, appear conſtantly behind the Heculum, within 
the limits of half the radius; and foraſmuch as the 
images conſtantly appear on the ſame fide of the 
center with the objects, they muſt be leſs than the 
objects; for if we ſuppoſe HI to be an object placed 
before the convex ſpeculum FG, and projecting its 
image at DE, it is manifeſt, that the image ſub- 
tends the ſame angle at a ſmaller diſtance, than the 
object does at a larger diſtance, and conſequently, 
muſt be leſs; and the diſproportion between the 
object and its image, muſt increaſe as the object 
recedes, and decreaſe as it approaches; becauſe, as 
the object recedes from the center, the image ap- 
proaches; and as that approaches, the image re- 

cedes; but as the image can never be more diſtant 
from the center than the object, it can in no caſe 
appear larger. The proportions which the magni- 
tudes of the object and its image bear one to ano- 
ther, is the ſame with the ſquares of their diſtances 
from the ſheculum, as in the caſe of concave ſpeculums; 
the proof of which being exactly the ſame with that 
made uſe of in the caſe of concaves, I ſhall not here 


repeat it. | | 
As 
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As to the poſition of ſuch images as are ſeen Lzer. 
reflexion from convex ſpherical ſpeculums, they mu XXIII. 
always appear erect; for as they ever appear on the 1 
ſame ſide of the center with the objects, the per- 1 
pendiculars which are drawn from the uppermoſt F 
parts of the objects, muſt paſs thro* the uppermoſt 
parts of the images; and thoſe from the lower parts 1 
of the objects, muſt likewiſe 2 through the lower FR 
parts of the images; thus, the perpendicular H C, Fl. 10. 
which comes from H, the higheſt point in the object, Fig. 14. 

aſſes thro* D, the higheſt point of the image, and | 1H 

| 10, which comes from I, the loweſt point of the TH 
object, paſſes thro E, the loweſt point of the image; '| 
and fo it is with regard to the perpendiculars which 1 
come from the intermediate points; ſo that the ſe- 
veral parts of the image have the ſame ſituation with — 
the correſponding parts of the object, and of con- 1 


ſequence the image appears erect. 
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APPENDIX. 


Aa in all caſes. And from what has been delivered 


Or run COLLISION © op NON-ELASTICK 
b ELASTICK BODIES. 


| PROBLEM I. 


| F roo bodies be either entirely void of elafticity or 


perfectly elaſtick, and one ſtrike the other directiy; 
if A and B denote the quantities of matter or weights 


; Y the two bodies, a and b their velocities before the 
ftroke; and if A be the ſwifter body when the bodies 


move the ſame way, the body which has the greater 
motion when they move contrary ways, and the moving 
body when one of them is at reſt before the ſtroke; to 
determine the ratio of the bodies when their velocities 


before the ſtroke are given, or the ratio of their velo- 
Cities before the ſtroke when the bodies are given; _ 


A 
ts, to determine g; when a and b are given, or = 


when A and B are given; ſo as that the motion of 
A before the ſtroke, ſhall be to its motion after the 
feroke, in the given ratio of m 10 1. | 


To give a ſolution of this Problem, it is neceſſary 
to know the motions of A before and after the 
ſtroke, both when the bodies are entirely void of 
elaſticity, and when they are perfectly elaſtick; and 
likewiſe to know the motion of A after the firoke, 
when the bodies move the fame way, when they 
move contrary ways, and when B 1s at reſt before | 
the ſtroke. The motion of A before the ſtroke, is 


by 
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Non-Elaſtick and Flaſtick Bodies. 


our Author, when the bodies are entirely void of 
elaſticity, the motion of A after the ſtroke, is 


Aaa+ AB» hen before the ſtroke the bodies move 


ATB 
the ſame way, B when 37080 move diffe- 


rent ways before the ſtroke, and => _ = when be- 


fore the ſtroke B is quieſcent. And. when the 
bodies are perfectly elaſtick, the motions of A after 
the ſtroke, when before the ſtroke the bodies move 
the ſame way, contrary ways, and B is quieſcent, are 
2ABb + AAa — ABa, A — ABa = 2ABb, d | 
AT "ASE on Jn 


AAa—ABa . 3 
2 Hence, this Problem contains fix Caſes, 


three when the bodies are entirely void of elaſticity, 
and three when they are perfectly elaſtic; which 
Cafes are thus ſolved. 


When the bodies are entirely void of elaſticity. 
Cast I. If the bodies move the ſame way, Aa 


Aa L ABb 
will be to 2 I E » as m to 1; whence we have 
” ms 5 — AF+B—mA' 


Casz II. If the bodies move contrary ways, Aa 


AAa—ABb 
will be to * TF 2 m to 13 whence we have 
A mb a a mB _ | 
B © mama and d MAB 


Cask III. If B be at reſt before the ſtroke, 


chen will Aa be to 0 175 as m to 1; whence we 


8 have 
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When the bodies are perfaty elafick 


Cask IV. If the RE move the ſame way, 
Aa will be to * as m to 13 


ATB 
whence. we have = = — and * 
mz | 3 
mb TAT NEA 


Cask V. If the D move contrary ways, 


AAa— ABa—2ABb | IL 
Aa will be to r to 1; 


A _ 2mb+ma+a | 
whence we have FE i and - * 


. ma—A—B<=mB 


"Capox VI. If B be at reſt before the ſtroke, Aa 


—AB 
will be to — FB — as m to 1; . whence we have 
A m1 


— = In this caſe b is nothing, and conſe· 


. — is . 


ExamPLz I. If the bodies be entirely void of 


elaſticity, and move the ſame way, A with a velo- 


city of 7, and B with a velocity of 3; and A.loſe | 


balf its motion by the ſtroke, or, which amounts 

to the ſame, if the motion of A before the ſtroke : 

be to its motion after, as 2 to 1. In this cole, a 5 
, 3 , 


ma 


Non-Elatick Ae Bodies 


bo m, are . 3, 25 and 5. =» is equal. 40 r = 
by Ca, 2 oe, 1 Met an 16 that A and B will 
e Here Aa, RA motion of fy wy 


« ; | A Bb - "ot gs 
« AFB i, ( A *© altef 
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the Wee v 353 bat 7 is 10 31. "as 2to Aa 


. * „% 4 22 5 "4 141 1 A 


K Ain II. If the bodies" be entirety void of 


as 1 and 4, and the motion of A before the; ſtroke 
be to its motion after, as 3 to 1, in wn 'caſe m 
will beg then chi equal to 2 IF 12 xi by 


Caſe 1, will be equal to $36 *tHat à and b wifl 
l 6 and 1. Here Aa, the motion of A before 


ith H 


2 D e 5 $ 1 
the ſtroke, j is 6, and AE, its niofion alter the 


_ 1177 127 


firoks by Caſe 1 16 23 dut 6 is to 2,5 3 to 1. wy 

Einl. III. If B e at fel belle the firak?, 
and the: motion of A before the ſtroke, be to its 
motion after, 5 10 to 1, in which caſe. m will be 


IO; then will = be ; 25 or A and B will be as 1 and 
9. If the velddicy of A before the. ſtroke be — 


4 


Prefled by 1, that is, if a be r, then will Aa ber r, aid. 


T5 be et bur, 1 is to , as 19 e 
It is to TR: Stege that A« can nev or  communi- 


cate all its motion to B, excep r When t is infinitely 
greater than B, in "which" "> B will become no- 


thing. For if A communicate all its motion ts B, 
m will be 1; and 4 which is as Er- will be as 


a 


5; but + is infinite, and therefore A muſt be infi- 


nitely greater * B, to loſe all its motion by the 


ſtroke. | 
A a Ex AMPLE 


elaſticity; and move the ſame way, if A and B be 
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and move the fame way with. velocities. which are as 


J and 2; and if the motion of A before, e ſtroke 
' be to its motion after, as 4 to. 15 then wil _ *. 


3, 72 cb 2. 2B: | 213 Aud *FA ire | 
4, will be 3; ſo that A and E Pill be as 3 and 3. 
— 2 3 
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Ex AHR V. If che bodies be perfectly elaſtick, 


and moye.the ſame Mays if.A.and B be as 4 and 5, 


and ihe. motion of, A. before the | Firoke be to its mo- 
. in A, B, B. m. be 45 5, 35 
which is as r hr A by Caſe 4; 


Ci Ta: m 


Uh be £ 25 „ fo that a and b will be as 5 and 2. ere, 


i LY 4g! 


Aa, the motion of A before the ſtroke, i is 20; and 
| SO raping rem motion of 4 en is. BS ; but 
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Fo . VI. If A oy B de perfectly clatick, 


and B be at reſt before the ſtroke, 


A moye ink i 
a velocity of 4, and its motion before the ſtroke 
to its motion Nr as 3 to 1; then will a, b, m, be 


250,33 and o = which is as m by Caſe 6 6, will be 


2 = ys that A and B will be 2 and 1 Here, 
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Pxos. I. 7 #200 bodies A and B be ES and be = 
parſe ly elaftick, if A be the ler body, and B be at If 
efore the ſtroke; it js required to, find an interme- 1 
of ſuch a weight or quantity of matter, which 
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| ith the motion ac quired by the frote Priking B at 
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geonietrical-progreſſion, dee, ebedies be 
A, the ratio of the 700 ee, and ich 1e number 
of bodies n; and if A = the ſecond” at 
reſt, and the ſecond with the motion acquire 
the third body at reſt, and ſo on to the laſt; the 
bodies, their velocities and motions, will be thus 
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© Fe aa + If the "abba of bodies increafin; 

in geometrick proportion be 20, and the*coinmon 
2:atio-of. the terms be 2, n will be 20, and e be 2. 
The laſt body will be 524288 times greater than the 
firſt; the velocity of the laſt will be to the velocit 

of the firſt, as 1 to 22162 33 and the motion of the 
laſt will be about 2 wy times greater . the 
mipton of the firſt, 1 
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In of the Motion ff 2 Globe i in a rid Medium. 

apa; III. . the: e ad; denfuy, of 
Globe moving in a fluid medium, if "the denjity of ug 
medium, the velocity with which the globe . out, 
and 'the time of the motion, be all given; to; determine 
ube part of the velocity which, is deſirey'd by. the, A 


tance of the medium, the remaining part ofi 


city, And the ſpace He 5 the e the en 


time. 


ou 


Let D denote baba” of the globe, 4 its 
| Ae, the denſity of the fluid medium, V the 
velocity with which the globe ſets out} t he time of 
the motion expreſſed in ſeconds, m the part of a 
diameter or number of diameters of the globe which 
it would * with the velocity * in the time t, 
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f * 4. 303585093." | | | 
; 4 AUS v7 l , 4 ? A +13 
; «gb inp ova nt of Who awe) ER Ro 
ür Sir tous Mayer his proved; that the 


O part of the velocity' which i 18 deftroy d vo 15 reſif. - 
© fance of the medium in the time t, is #575 that 


e EF * > , 2 2 5.8 SAS 75 42 30h; 


vr 
5 the remaining, fart, is Pt! ang, that the ſpace 
deſcribed i in che time t, is TV x Log. 2 MX; 


hw _—— 


Sn 585093. But by conſtruction, 1 i 


. 1 Vis w Þ 22. And therefore, by fubſti 
g tuting ==> and = 5 inſtead of T and Vin the 2 
t, going EY the part of the velocity deſtroj ed 
ne 1 the reſiſtance of the medium in tlie time t will 


1 .\ de ud the remaining part f the velbcty 


a 


n vil de ge and the ſpace deſcribed in the time 


5 t will . les. I. * . 2302585093. | 
its ; 3 


oo denſity. of the I 
aſl to The. denſity ade medium, that 15 c d. e 
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oe elbe A Globe 
t99, the velocity de deſtroyed . eee che 


yo. Sen | 0817 99 * 
EIS in the tiine t, . vill be T. oa BOB at 


he Gee wit obtai, If Ws globe and'the 
medium be perfeRty dene or void of 5 res; for 'by 
being ene void; of portes, they, will havę equal 
denſities. And ſuch a globe moving in ſuch a me- 


mum tire length of 3 times ĩts neter will loſe 


fer dove Ralf i its Wleciey; for if m. be 3, 3 5 725 will 


bet And this will always be * velocity loſt i in | 


moving three times the length of the diameter, 


| Whew the globe and the medium have Pare denſities. 
gh 


7470 4 +4 707. 1 ot 1 FR 4 £19 "my - 10 N 
105 8 1 1 4 
Jus 2 ' 4 LY 518911 8 97 [1.572 1808 to: YWoIt ot -: 


10% OR. II. If a globe in movi through m 
times its diameter i in A fluid medium oſe the n part 


nd... 

4 — —— dS * 
of | its” velocity; then will n T m T5 d= 

= 4 \ 73q | a | + : N Fea 4 r ' 8nd ; . 

: od d- 2 * F n.., 1 an * * m: 2 4 a 2 5 

+ e bs a 77 3 . tf: 4 8 pf 

3E / A M il {1 TESTES 468+ | «2 9 * 0 
Mr | DV; 3 cal d= 


5 e 


17 Nat. E. jp afl2 lo 316: . 

II. Koga I. * It Fi globe loſe 3 -F WI Jag in 
.mo ing the len th, of 10 times its diameter in wa- 
ter, in which caſe fi will be 2, m wil be 10, and 
2 will be 1; then d will be 2, that is, the globe 
will be denſer than TI * the proporecn, of 5 
to 0c; ; "7 8 2 * 15 win "$20.1 a 7 


* 1 # Ta. 7 N 7 
7? a; 1 
bs 


, Aae II. If 2 globe 10 times. as deals as 


| water, loſe zths of its velocity in moving 10 times 


its diameter in a fluid; the denſity of chat fluid 


| vil de 8 times as grow as the ee of water. 


""— Aa | arg. IANS _— 


F ee 199 m i 10 anden ig 25 — 
2 which l equal de be . . 
ei 'A — a0 denſe e 


times as flenſe as waterg it will ſuffer this loſs of 
velocity in moving the, length of 1 D. For in 


this caſe. * n, are 2544, 2:3 and m, ich is 


n r 


"2 5:8 Nur win be 27. . 1 as 


2 fart 


To \ 
11 a 


12 [few W. 11 h folid 3 ove. ak 


times the length af, its diameter in a per Was 


8 1 Fol will loſe 9 parts in 10 of the velocity it 


had at the beginning of. the motion. For in this 


cale d ig equal to,?, and mis 24; and n, which. is 
6" o - far will ga yu 7 — e | cid. L 


* 566 ee 3 1150 4 
1 $i 38 * Of i 


* * 
213131 


ne v. OY 2 lee of equal 1 denfty with 


— 


Water; move Half, the Jength of 15 diameter wy air, 


* 1 65 


it will Joſe the - 75 part of its veloci F on fup- 


poſition that the denſity of water is to the denſity 
of air, as 360 to 1. Pyr in this caſe, d, wg x are 


860, ; ; and n, Which is e to Jam will 


ie A 
i 7 1 THESE; 97 A 7 #25 $733 Mila, _ gie 
. fag i N 11 wh NY 21 18 5 * 0 — * & a 18 3 2. * F / 5 i a J 7 
We 2 4 Tk f 8 N ö 5 | 
| I TOR VI 0 1 the fl moyed bath the 


ſun in a did medium: of equal denſity with the air 
at the ſurface of the earth, it would by the reſiſtance 


of the medium loſe almolt all its motion in 10000 
years, on ſuppoſition that the denſities of the earth, 


of water, and of the N are 551 1 1. or in 
IRC > b 5115 28 2 NO 0 decimals 


lofs Aths of ite motion by «moving: i in a fluid: 24 


— 


2 — . — , 7 er 


o. 01628, and 61 Neo en mae ei e 


22575 3158 Engliſh feet, 


Of the Mod . n 8 lobe 


decimals o. 011628. For the ext morals 
orbit with a velocity that carries it at the gate f 
he 


4893938782791 miles, or 615142347 

Ii = ar tle diameter in x0000- 5 — . 
poſition that the ſun's horizontal parallax ig 166 
ſeconds, In this caſe therefore d. „ m, are 35 


212 


which is equal to will be 4 . 
part, which is nearly he ihe whole, "(gp "its preſent ve- 


locity. 
By the French meaſures, a degree of 2 great 
circle of the earth contains 94 5 66 Paris feet, or 
uppoſition that” a 
art Wöt 11 185 75 Engliſn foot, as 1142 to 20 
And "conſequently the eee of the earth, ſup- 
poſing the earth to be ſpherical, will be 4187088 7 
Engliſh feet, or 7930 miles. The mean diſtance 
of the ſun from the earth; reckonirig the eat 
at 10 ſeconds, is about 19644.267 5 ſemidiameters 


of the earth,: or 7788953206375 miles; conſe- 


quentiy the circumference of ihe | earth's, orbit, is 


482393878.2791 miles, which the earth ſeribes 


in ond year, or 29558161, 6 ſeconds « of time. 


EAT TINY 47 N A” 185 10 31 ins 18 N Nerf Famit "3x4 
- ve, VII, If the earth -move in an ther 
vob rarer"than the air at the ſurface of che 


earth, it will loſe about th part of its“ preſent 
velocity in 10000 years; for in this caſed; and 
m, are, 55 6.60600600166, and 617142343; and 


5 conſequently x A, which e equal to Hm >. will be 7 
: equal to a 2 2448925 Sch pen, that'i 18 eth part 


4435778962271 * e 
of the preſent FOE Very bearly. al 10 ba 9: 1755 


And if the earth moves 1 000, years in x this 
4 er, it will loſe about half 957 its preſent motion 
in that Ame. | 


Exane. 


25 1 5 
5 um Wi n 
ae millions c 4 th th denſity: of: 
re aber 85 'of. the jo op Tn this, Sd 
n, Wh, le 6, 90:1, 2468569368 and gon 
auentfy d Wy 14 om. d vill. be 


. mne - a7 * 2 
_ = _ 8 
; 497 88888886. But .the 
e denfity of ait is 1253 


nſeq e 
gate be FO 1 
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N 1 er f we, over Oblatles,” 
i W. 0 — * — on an horizonial 
Plane, meet with an immoveable obſtacle in its Way, 
ober which it is fo be. dragon” by a. force fixed to its 
center; if the weight* and diameter of | the wheel, the 
height f "the obſtacle, and the: direction .of the force 
' drawing the wheel, be all known; thence to determine 
= the force that is 1 EN fo FOO EN wheel over the 


| 
2 it; > T5 a4 v 11. . 16 


1 
* ? p; A L) 
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\ r 


| 1 CPME be the ie; ND the Bridge 
p plane on which it moves from N towards D, EF 
; py obſtacle over which it 1 is to be drawn; I& the 
Wheel arrive at the obſtgele, and touch its top E; 

and there let it be ſuppoſed to ſtand: efling the ho- 
rizontal plane at G n h its "whole Draw 


eight.” 
_ OEK a tangent to Te wheel in the gef E, draw 


the diameter l e t ler to the horizontal 
. and 5 ce it All it meet the tangent i BD; O; 
om 


of the ar ar bel | 


Pl. 11. 
Fig. 1. 


of the Mette c 1 | 

fl" Wake de Fend g wee kene. 

os e and re Es 

Bf hee Yo pr ae 5 


* 


©expre AV. | O, In the direction of 
h Ne ws bc fi the wheel 16 "wholly, Y 
horizontaF plane at G, that weight. 
IP 5 1 ied oro 7 3 | 
ing according te t rectongs e lines, the 
8 5 ht r eſling again the top of the 1 1 58 | 
S outtacle,. Fd Xing. wholl ſuſtained by it, and 
the weight O E drawing the FA ow down'4 m a direc- | 
e to the a K. „Let. We note 
hole. weight 1 70 F its radlii it, h the. 
10 t of the obſtac x the part. of, the. whole 
weight which draws 52 50 wheel down in a direction 
parallel to O E K; and then we ſhall have this ana- 
logy; as x is to W, ſo is OE to CO, er HE 
to CE, from the ſimilarity. of the triangles CEO, 


and CEH; whence" x AE, but HE. from 


"the, nature, of, the cirle, 3 as « equal to NATE, / 
"A: N „AIX E E. that. Hag in .fymbo I» 

MEL; and therefore & NN . 
fob Ace Aa equal, to, this x weight, f qd eg 


in wet oppoſition,” to it, TBE OX, 
12 to 


in 
upward in the direction CM para 


will juſt be able to make the wheel -; 

| * tops e of * obſtacles without ſuffering any, ; 
of its weight to orizontal. plane at 
G id force, fg beat 5 n 


. 
the; e effect, if, it "a n an ot T. ion 
than th: of cM... or | I tf 12 85 ihe” 5 in 
1 and 


the dire! ion Cm, in 9 15 etween E an 
then the forte acting 4 tl is, irection may be re- 
ſolved into two . Ro hich wi 1 be as Cr a 50 rm, 
whereof' Cr draws the wheel ect) againſt ] 4 


ll oo EE EE ee 


r 


of the ob 3 
16 4 ec 


jr Ie or C and d to become, Gn to 1 
eee fulbeient, to ont the" whegl-agai 5 


1 5 
"thi 115 uf Tuffering af 
to.relt « 5 e 01 1615 1 115 
11 5 the | ** . © 


WM a $i 


ich de Rb: | 
PAT] 


on of the force „In che; 

19 0 0 "the i e e be "increaft 12 80 but" tue 
whole: force CM mut be increaſed” 1 8 une pro. 
portion. And therefore the bree 


muſt be eee in the pi oportion | of r 10 b. 1 a 
then, putting F for 18 force, ing in the dived? 
tion” Em m, which 18 juſt ſufficzent t 9 ſupport" thi 
wheel on the obſtacle Fic = "It to 4 
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15 A i E an le 


Yr agg 


49 $51 gat? 


on the plane N, F = 42 


allet addigion to tig force will make l. Ara is 
wheel NY, the r _—— Pr 8 0 


P 5 : 4” an 4 
, "Y | 36 # ; 174 I £4. 


Bine the reliance? 2 To theo obne is eg 
to the force that is juſt fufficient to 8 cherw — 
reſt on the obſtacle without ſuffering any part of 12 
weight, to preſs. on N of the horizon, tha t. 
Pprting «For: the, reliſtancs 5 theobſta.. 
245 linge is g f to Fi, pads Fe | OM 0 


— Ne 
2 Fe. * * N ; tw 1999 
3 | » A eg % WT 1 ; $4.” | fi 


1 is to be obſe "wy 
force muſt lie Fn C1 
Ro draw the 5 Ark Ir ln pe 
whol ſpent.upoii A ob ac d t. in Salt. 
con te, to draw the "wh wy on 1 9 . N. 
draw. the Wheel re: Va, upWare og TY 17225 b 
will noc make 16,49 reh d ihe abt ele ju 
Si 


* 


— 
—— . - — * 
— 5 3 —— LS L 


— 229g 


4 — 4 — 


ö 4. 
hare Cheb 


and thence increaſe in the Re kat ſage of Hit line to 


F will be 3 | 


4} eth 31, in al 


if 5 #1 br 


Kae e of the o ping f 155 


K + * - 


thence to CP, ny of pry hi angle "which. 
of direQtion makes with CE, will mere 
12 ge of Wi Ups Ai er yi 1 T 
ts paſſage from CP] but as Increaſes 
1 L r 25 


or leſſens, LE DE 
and conſequently the force F will leſſem in the 
ſage of the line of its 8 from CE to, — 4 


A. S0 that the force wil tw Hen it a in 
97 direction G M, in which wh Fs Whole force 
will be employed 10 drawing the Wheel over the 
abſtacle; whereas in all other directions, part of the 
force will be loſt by drawing directly againſt. the 
top of the obſtacle. Hencethe moſt advanta tageous 
direction of the force, will be that which makes a 


right angle with C E, in 8 caſe $ will be n 


Cox. U. = the bebt of the i cba be: ahve, 


6 Thick caſe U will, be as 1, and the force draw: the 


= , 
': 


wheel in the direction l ts t9-OK; men 


ik the” ie” radii of ty els be 1, 2, 3 45 then 
will . be 1, L eng V. chat is, as the 


« * 


Kimber ey 966, 7455 5661 8 ati the forces 


requiſite to-ſappott theſe whitels' on tlie poillt E, b 
as not to ſuffer any part of their weight to reſt on 
the horizontal — will be as their weights multi- 


PRE: | plied 
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will 5 orVincreaſes 


* OS EN ont 6 


Ny, the . bee J N 


as. the ed It FF 61, 80 that 
in wheels of a iven weigh er the wheel yy 
the greater will be the refiſtance which is ans to 
it by eee 18880 ot | 


LR OY eb frre 2 addy + 
Aon 


on, III. If th q e height. of thy obſtacle be in- 
ack . {mall aud ven, in which caſe. the tan - 
e will il eitictle with the horizofital plane 
I ar; the point E coincide with the point G: 


and if the force draw the wheel in a direction pa- 


rallel to OK or ND des will r be VIA 


or, becauſe 2 is a given quantity, 3 = W; and 'F 
m weight of the wheel be, given, F "will be . 


4114 


Sieg of four wheels of ec equal S I, 
2, 33 4, and the Wheels be — on a ſmoothiplane 
parallel to the horizon; the forces necelſary to. put 
them in motion, when they draw bY reellen 
_ to that plane, will be as 1, Ip F N17 


that is, al the numbers, 1009, 7057, Joo, 


And therefore, of Wheels drawn on the plane of 
the horizon by fo —— acting in directions 


to that plate, leſſer wheels will require a, greater | 


WY 55 3 RFI ep 4 


114i -viih A 


* . 4 Cos. 


\ ſupport 
7 To — wy into 866 
5 15 the weight Ei 
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2 * * _ "3-1 + IS 2 L * N n 2 Ro % 
1 A P.... W a 
er mn ttt ts ER | — L ——— 
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i : a 8 5 
——— pt att tm tA et en 


4——4 to the radius of = * 
force draw the wheel in a direction par 
WW 


that is, if h be as r, and F be ud" 


then will the force, and canſeq 
1 * — . — be. as the” 


- 11 and theres F will be us * W. oh, 1 


my 


W228 to Ol 


1 the 7 
weight of the 


$0 — — 2 1 — — 
0 — —— — 5 — — enth = = — — - 
a — — — 
e — — — . . 
* N 1 r q ** — 
. yu e ** þ * 
= 2 Se * * E N. 
eee * 8 Fe * 
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— 
* 9 0 
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"Y 11 4 oft $3 


"17s 
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"Oo, - v. 11 the diredton. cf of, the —— drawing 

the wheel be parallel to the horizontal plane, that 

is, if mC be parallel to N D; then will the force 
that i is requiſite to ſuſtain the wheel on the point E, 


Nr; 2 1 or 2 . 2. dt 
be ZAYED. por jo this, caſe. che angle 


mCE is equal to the 5 En, and conſequently, 
their fines are equal, that is, s is equal to CH, 
which ityſymbols'is/r—b...; And therefore F, which 
univerſally is 3 as LEI is in this Se a8 
E 5 7 Al; VV 
Kh rn 7.4. 4 ” „ Led: os 1 


th the bei cht of the obſtacle | Fa given, in 1 
calg h will be fs 1, Ihen will F be as . 
. the adi of four wheels of "equal weight; be 


1j 2, 3, "45" then will F with reſpect to theſe 


Hur wheels, be as = , , 42, that is, as in- 
finite; 17g, 1128, 882. The height of the ob- 
ſtacle is equal td the vadis ef the firſt wheel, inaſ- 
much as 1 have ſüppoſed them both te be às 3; 

and conſequently the beter mut be infinite toiihake 


the [0970 ym e and Kinder any part of 
E its 
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*1 
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F 4 4 
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in gt om prin 0h wee he- 


Fes VL The force, is to. the Ce 
wheel, as the fine of the angle ECH, is to the fine 
of the angle which the line of direction of the forgs 


makes with EC; that i is, = v 3h —bb 


If the force be one half of the weight of 4 


wheel, that is, if F be one half of W, /2rb—hh 


will be one half of s; if P be equal to W, Varb—bB 


will be equal to s; and 1 F be as W, vark-—bb 
will be as mn wh | 


of has | Mot oh F Water through Orifices and 


Pipes. - 

ProB, V. To determine the motion of water 
running out of a hole made in the bottom of a veſſel. © 

Sir Isaac NewTon: has given a general 8 
of this Problem in the following paragraph, which 
is contained in prop. 36. prob. 8. lib. 2. 

Sit ACDB. vas cylindricum, AB ejus orificium 
te ſuperius, CD fundum horizonti parallelum, EF 
& foramen circulare 1 in medio fundi, G centrum fo- 
5 raminis, et GH axis eylindri horizonti perpendi- 
e cularis. Et finge cylindrum glaciei AP ejuſ- 
« 'dem eſſe latitudinis cum cavitate vaſis, et axem 
* eundem habere, et uniformi cum motu perpetuo 
* deſcendere, et partes ejus quam primum attingunt 
cc ſuperficiem al liqueſcere, et in aquam converſas 


be pravitate ſui defluere in vas, et cataractam vel 
« columnum aquæ ABNFEM. cadendo formare, 
be et per foramen EF tranſire, idemque adæquate 
“ implere. Ea vero fit uniformis velocitas glagiei 
* * deſcendentis ut et aquæ contiguæ in N AB, 

B b quam 


I — 
* 32 2 ens 


BP Brin Me RC Boe arte "_y ' oY 


LIE; Ares Py 


E he Motion i, Water 


6 quam aqua cadendo et caſu ſuo deſeribendo alti- 


* nen wn acquirere poteſt; et jaceant In. et | 


« HG in direQum, et per punctum 1 ducatur recta 
KI., horigonti parall Lol 99-1 th glaciei occur 
% rens in K et I.. Et velgeitas aquæ effluentis 
« 'per foramen EF ea exit 1 aqua cadendo ab I 
et caſu ſad deſcribendo altitudimen IG acquirere 


n Ideoque per theoremata GALIL XI erit 


G ad IH in Jaap ratione velocitatis aquæ 


E circulo AB, hoc eſt, in duplicata ratione circuli 
« AB ad circulum. EF; nam hi circuli ſunt reci- 


* proce ut velocitates aqugrum que per ipſos eo- 
« dem tempore et æquali quantitate, adzquate 
« tranſeunt. De velocitate aque horizontem verſus 


„hic agitur. Et motus horizonti parallelus quo 
partes aquæ cadentis ad invicem accedunt, cum 
* non oriatur a gravitate, nec motum horizonti 


« perpendicularem. a gravitate oriundum mutet, 
hic non conſideratur. Supponimus quidem quod 
partes aquæ aliquantulum cohærent, et per-co- 
% hxſionem ſuam inter cadendum accedant ad in- 


* yicem per motus horizonti parallelos, ut unicam 


ec tantum efforment cataractum et non in plures 
« cataractas dividantur: ſed motum horizonti pa- 


1 rallelum, a cohæſione 111a orjundum, hic non 
6 conſideramus. “ 


fp 


This Theory Sir IsaA0 norpefiend by. experiments, 


paged it in ſix diſſerent caſes, and drew ſeveral 


corollaries from it. The reaſon why a correction 


was neceſſary will be ſhewn in the Scholium. And 


the truth of his and other corollaries flowing from 
this theory, will more ęaſily appear by expreſſing 
the foregoing proportions of the velocities in ſym- 
bols; to do which let A denote the area of the 
circle AB, a the area of the hole EF, H the line 


HG, which is the perpendicular height of the water 


in the veſſel above the hole, x the height IH, from 


Vhich water or any other body muſt fall 'by the 


force 


2 bay 


„F A Wy We TY" I 


* 


FFP 


| 4 ſtate ech, 6h acqu uire che 


of the water in AB, V the 5 eve elocity, 
oe its paſſage thro, the hole EF, and vi 
velocity in the furfacd AB; and hay: wy Ws 
tions will beithus: expreſſed, Hz. x : : 


A's a. ; whence, FE. DEATHS 1755 1 


Ji en I. The height from: which a body muſt 
fall to acquire a velociry equa to the Wd of the 


water in n the artes AR, i is equal to x Ts of 


H 6: 
Fol by inverſion! and anten of pro- 


A* 
— * . H : v V. : a, Aa- 4 
„ SG aH 
whence? * =— But x denotes Mr. 
1 Y 2x „ * ü 
14 V*H . | . ITY 7 f 
And cherefore IH=- =— 


* —*— 5 Af—a* 


s 


Con 1 The perpendicular height of __ 
water in the veſſel; denoted 1750 H, is equal to 
W , | 


Cos. Wm. "The height 1 whith a a Mes A 
fall, fo. acquire a velocity equal to that with hid 
the water flows through. 1 the hole, is equal: 15 

n AH 
V or 3D For "by diviſion , propor. 
tion, H+x=]6. 1 V. y* 77 A. La "= 

: 8 7. A = 619 008 : * 5 15 
wet 080 ror ee 

en W. The neee height; of is; 
water in. the veſſel, 7 by H, is ces to 


IG.> D 5, 1G xA*- 
e or to 8 b cer. 3. 


2 * „ 
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the area of the hole, H will be nothing in 6 


Con. V. If the ara jo tlie ſurface bet equal 10 


7 


riſon of IH and IG which will be equal. For if A 
be equal to a, H will be nothing. by Cor. a. and IH 
and IG will be equal and infinite, hy Car. 1, and 
Cor. 3. 4 * 0 [ 18 21 12 * : 5 20 Fi | 
The truth of this Corollary 


eig fit} OST. 21 to 

y may likewiſe appear 
From the nature of gravity. For if A be equal to 
a; Vmuſt be equal to v. But V can never be equal 
to v while there is any acceleration of the motion of 
the water in its deſcent through the veſſel, as there 
will always be till H becomes nothing in compari- 
ſon of the equal lines IH and IG; which in this caſe 
muſt be conſidered as infinite. 


Con. VI. If a be greater than A, in which caſe 
Al —a' will be negative, H will be negative, by 


4a; e 


conditions required, there muſt be an inyerſion of 
f 27 3 15 : 0 1 87 | Eire 04 42 Ts 


7% 


— 1 


' Cor. VII. If the hole be ſim fi all, and the fur- 
may 
be 


FETT 


e 
f 


* 
y 
e 


r 09; ND: VY - s_£Y ew 0 


be conſidered Ai reſpert to A mu v; Aue 
II will de b Cor l. andIGiwill de 


in this caſe, and this only, theiſuperficial parts 
of the water have no velocity at the very beg 


of the motion, but begin to deſcend from a ſtate 


of reſt, as quieſeent bodies do when the fupport is 
taken away. In all other caſes; in which a and v 
have ſome magnitudes. when compared with A and 
V, the ſuperficial parts of the water ſet out with 


ſome velocity, and do not begin to deſcend, on the 
water's beginning to flow through the hole, as heavy 


bodies near the furface 1215 = carth nig to d r 


from a ſtate of reſt. 110% & 


/ 


Cor. VIII. If the EI the atfiibesig thi 


hole be 2 as it will be when each of them con- 


tinues the ſame, or when both of them change in 


the ſame proportion; the velocity in the ſurface 


will be proportional to the velocity through the 


hole, and both will be e wre to the velocity 
which would be acquired by a body in falling 


N enn A height equal to the T height 
: V 
of the water in the veſſel. * be given, — „ Will 


——ů— 
-— 
- 


be given ; and Conſequently x wil! be'as v. And 
dauer —is given, —— —and———, will both: be 


A — a2 - © 


| given od onſeqmentlyiboth. IH and. IG will be 


by Cor. 1, and Cor. 3. But v and V are as 


f W's BY vIG.. And. therefore, bac Y and Vill 


de as /H. A 
By this Ne whin A 2d © cenie cies 


* »p rec *., 17 


riable, and the heights of the water in the veſſel 
are 1, 4, and 16 feet; the velocities in AB and 
EF will be as 1, 2, and 4, But bodies placed at 


. {mall diſtances from the ſurface of the Earth, do all 
begin to defcend with the fame velocity very "nearly, 


Chr. [33 3d i He 011 177 —1 II —— — 17 
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BT been f. eyed; by. Serge eee 
re the ſuper cial parts of, the Water, in. this caſe 
begin to deſcend in a very Ef, Bs mani:er, o or. 
with y rn ferent 14075 fig. from that with, which 
a. 152155 W fe Ny 
deſcend from 1 11 wg reſt eve . 1 in AB. 
£ regulated by the velocity in EF, and the the FF; 


Beit in Ey is — 22 > ae TY Vo when = 
is siven. S gti” Mi s [USA 
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55 Eren IX. The velocity ws: as e in 3 ur- 
ace ABi 18 always | the= part of the velocity thro” 


” han - 


the hole, that is, v is the Four of V, or ia. other 


a 
words, . When a is nothing ir in \ proportion 


to A, as we may ſuppoſe. it to be, when a Is very 
ſmall, and A i 1 exceeding| J great, then will v.beno. 
ſenſible part of V, that i8, it will be nothing; and 
conſequently, the ſuperficial parts of the water will 
in this caſe begin their K as E bodies do, 


from a ſtate o reſt. 1 


Con. X. The "whole motion & 166 deſcending 
column AMEFNB, is equal to the motion of a 
cylinder of water, whoſe baſe is a, whoſe altitude 
is H, and whoſe velocity is V, that is, to the mo- 
tion HV. For Va is 204 to vA, that i is, the 
motion of the water in EF is equal to its motion in 
AB; and from the nature of the deſcending co- 
4 each of them is equal to. the motion in any 
ſection of the column parallel to EF or AB; and 
conſequently, the motion in all the ſections, ſuppol« 
ing them to be indefinitely.many, that is, the — 3 
— of che deſcending column, will be equal to 
the motion in the hole multiplied into the Fe 


0e Sir A 


of ſections, that 18] to Va N H; or ali x V: This 
property hug been proved by Dr. Iwan. ny : 5 


co A. XI. The Aer which can generate the 
whole motion of the water running out of the hole, 


is equal to the weight of a cylinder of water whoſe 
baſe is a, and altitude is 216, by Cor. 3; that is, 


equal to the weight of a cylinder of water, whoſe, 
magnitude is 2aH * Ae — 7. For in the ſame 


time, in which the water running out is equal to this 
cylinder, this eylinder, by falling from the height 
10 by the force of its gravity, will acquire a velo- 


city equal to that with which the water runs out. 
But when the quantities of matter and velocities of 


two bodies are equal, their motions, and conſe- 
quently the forces which can enerate thoſe mos 
tions in equal times, will likewiſe be equal. And, 
therefore the force which can generate the whole 
motion of the water running out of the hole, is 
equal to the weight Wr EIN of water ene 


e is 24H x = T 


c 


» 1212 


Ps XII. The weig obt: 1 ck defvending 3 


23 AMEFNB is — to the weight of a eylin- 


der of water, whoſe baſe i is a, and Whoſe height' is 
2HA d H 

Ta- that is, whoſe magnitud e is 2aH X Ta — * 
For let IO be a mean proportional between TH and 
IG, and then IH. G:: IH. 10: : 10. 16 


i a. A; and by diviſion of proportion, HO. IH 


"OE 10; and by alteration and compoſition, 
HO+0G . 2HO : : IHHIO-. 2H :: a+A. 2a. 


But, by Cor. 11. in the time a drop of water falls 


by its own gravity from I to G, the quantity of 
water diſcharged by the hole will be equal to 
a * 210, * A x wy 7 and in x. the time the drop 

deſcends f 


: 
- 
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deſcends from I to. H, che quantity of water paſſing 
through the ſutface AB, and diſcharged by the 
hole, will be equal to A x 21H, and the difference 
of theſe quantities, namely A. K 20, will be the 
quantity diſcharged in the time the falling drop de- 
ſcends from H to G, which quantity is the column 
AMEFN B; for in the time the drop deſcends 
from H to G, the ſuperficial parts of the water, 
ſetting out with the velocity of the drop at H, and 
deſcending freely and without reſi ſtance, will reach 
the hole. And therefore, all the water in the veſ- 
ſel will be to the water in the column” AMEFNB, 
as AxH is to Ax2HO,' or as H= HO + OG 
to 2H0; or as a+A to 2a; whence, putting Q 
for the quantity of water in the'deſcending column, 
AN H. A;: ATX 24; ue WA 


TT I [++ v1 E 

This Corollary may be ores in asche manher, 
thus. The cataract is the difference of the two 
hyperboloids KAMEFBL and K ABL, ſuppoſing 
the aſſymptote KI. to be infinitely extended both 
ways, and the area AB to be infinite; but by 
fluxions, as Dr. June has ſhewn, the the hyperbo- 
loid KAMEFNBL i is equal to 2a H x, or to 


2A*x  A*x—a*x 
— , becauſe H is equal to ——— by Cor. 2; 


10 the hyperboloid KABL, is equal, to 2Ax, and 


2 A*y - 
' the difference of the tuo is — — 2 Ax = 


| Een an water in the veſſel is AH 


a 


or, by ſubſtituring © 
, IF 


= 1 804 3 the uater in the 


: 125 is to the water in the cataract as 
44 * ö A's 


ads rom te . 


in the wen pt; H, 
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Con. xili. The weight of all, the water in MY 


"_ is to the weight of that part of it which is 
ſuſtained by the bottom, as the ſum of the circles 
AB and EF is to their difference. For, ſince 
A ＋ H. Q:: AT a 2a, by Cor. 12. AH. 
AH —Qz: Axa. eee 
by diviſion of Nppertden. 


Con. XIV. The weight of Leak water which he 


bation; ſuſtains is to the weight of the cataract, as 
the difference of the circles AB and EF, to twice 


the lefler circle EF. For A+H.Q : : 'A Ta. za, 


by Cor. 12. And by diviſion. of proportion, 
4 Q:: :Ata—_2a=A—a. 2a. 


Cor. XV. The weight of water which the 


bottom ſuſtains, is to the weight of water perp 

- dicularly incumbent thereon, as the circle AB, 1s to 
the ſum of the circles AB and EF. For the weight 

of water which the bottom ſuſtains i is A+ H— —Q 


2aHA © A*H — "AH 
=AL— 49 by Cor. I 2, = 7 Ta — 3 


and the weight perpendicularly incumbent on the 

bottom is A — a X H 1 aH. But 

IR AH—aH :: A *—aA. A a? 
A. Aa we by ah, 


Con. XVI. The quantity of water in the de- 
ſcending column is to the quantity perpendicularly 

incumbent on the hole, as twice the circle AB, is 

to the ſum of the es AB and E F. For the 

5 quantity 
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quinttey of V ter in he deſcending evi is 1 
2A 


e page: But aan xR . J 45 * 8. 
e 
Hence, whien a is nothing as we may Fes it | 
to be when A is infinitely great, the deſcending co- 
lumn will be equal in magnitude to 2aH, as Dr. 
Jurin has ſhewn it to be by e its Bev of 


nitude by fluxions. f 
1 R 1 (14 ye "2 


Cox: XVII. The e of the deſcending 
colunin, is to the weight of water which can gene- 
rate the whole motion of the water running out of 
the hole, as the difference of the circles AB and EF, 
3s to the greater circle AB. For; putting F for the 

force or weight which can generate the whole mo- 
tion of the water running but of the hole, and ſup- 
poſing Q to denote the weight of the defcending” | 
column, we {hall have F equal to the weight of a 
en of water whoſe magnitude is 2 a H + 


Ni as, ae Cor. 1 I. and Nene to the weight ö 


= 


of a | quantity, 9 6 IP magnitude 3 is 2aH X I 2 
by Cor. ht br th rain .Q „F: : 2aH+ 
"= LET * 4 51 6 AD 1 
Hence Q=, LIEN and F= 2 ; 1 and con - 
ſequently, the force which can = the whole 
motion of the water: running out of the hole, will 
always exceed the weight of the deſcending co- 
es lumn, except When: A becomes o, as we may ſup- 
poſe it to do, ben! it is on nll, and A exceed> | 


ing ee 2 Bone ite £1 


"Gans XVIII. The force. which, can gene rate 


3 motion of the water running out of the 
| | hole, 


through Oriſices and Pipes ; 
hole, is w the weight of water perpendicularly. in- 
cumbent on the hole, as twice the ſquare of the 
greater circle AB, to the difference of the ſquares 
of the circle AB and EF. For the force which 
can generate the whole motion of the water run - 


8 er F D ©. ; bo 2 
ning out of the hole, is the weight of 2aH x = 

AQ 2 760 07 ee oi hop rer 
quantity of water, by Cor. 11. and the weight of 
water perpendicularly incumbent on the hole, is the 


weight of the cylinder aH; But 2aH x 1 


bg. OT e 
aH tt zA“. A — a“. In the fame ratio is the 
whole motion of the effluent water to the motion 


Con. XIX. If in the middle ef the hole be Fl. 11. 


* 


placed a litfle circle ro, parallel to the horizon, Fiz 3. 


whoſe center is G, and if the are: | 
called 0; the 5 of water which it ſuſtains du - 
ring the efflux of the water through the ring ſur- 


rounding it is to the weight of half the cylinder ' 


| oH, as a to a—y0; if R denote the weight ſuf. 


tained, R is to . as à to a—20, and R is equal : 
to — For if we ſuppoſe A to. be contracted a 
till it becomes equal to a, in which cafe 1H will be 


infinite, by Cor. 1. the water, notwithſtanding this, 
will deſcend about the column PH which the 
little circle ſuſtains with velocities, which are every 
where in the ſubduplicate ratio of the diſtance from 
KL, and likewiſe in the reciprocal ratio of the fe- 


veral ſections through which it paſſes; conſequent 
ly, the cataract AEPHOFB, is equal to the dif-. 


ference: of the two hyperboloids PEA —— 
F 


and-AKLB. But the hyperboloid PEAKLBFQH- 


=2a—20+H+x= 22H — 20H + 2ax — 20x; 
and the hyperboloid AKLB is 2ax; and the diffe- 


#4 eee ole 


the area of this circle be 


—— . — 


| | BY / . | hy Tx ; . 0 2 | 
rence of the two is zal — 2011 — 20x; which is 
the cataract AEPHOQFB. The ratio of all the 
water in the een to this annular cataract, is 
dg hn _— But from the nature of the wo. 
tion of the deſcending water, a is to a— o, as 
85 AH x. /x, whence H =. — The 


foregoing ratio, when this value of H is ſubltituted 


in its room, will, after due reduction, become: g. Cos 


Therefore aH, the whole quantity of water in the 


veſſel, is to the annular catardQ, as 2a 0 to 7 


2 zH—2a0H | 
whence the annular cataract is cen} FI which 


being ſubducted from all, leaves „for the 
quantity D by the lie e 0. 7 "Conſe 


SCHOLIUM 


Upon examining. this motion by experiments, 
| Sir Isaac NtwrTon: found the velocity of the water 
in its paſſage through the hole to be leſs than it 
ought to be, if the water in the veſſel deſcended 
om the ſurface to the hole freely and without re- 
iſtance, in the proportion of 1 to /a. For he ob- 
ſerved the vein of the effluent water, and found it 
to contract and grow narrower, to the. diſtance of 
about a diameter of the hole below it, at which 
place he meaſured the diameter of the vein, and 
found ĩt to be leſs than the diameter of the hole in 
the proportion of 21 to 25, and. conſequently, the 
area of a ſection of the vein at that place to be leſs 
than the area of the hole, in the neten of 441 
to 


through Oriſces hd Pipes. 


to 62 5; that is, of , to a. But as the vein con- 
tracts the velocity inkreaſes-. And therefore, at the 
diſtance of a eee, the 1 it, the ve⸗ 
locity. will be greater than in the hole in the pro- 
isn ef 5 7 1 1. If IG be four feet or 48 in- 
ches, and the diameter of the hole be 1 inch, 1 ad- 
ded to 48 will make the height from the place where 
the velocity is greateſt to be- 9 inches; and if th 
velocities of the deſcending column in the hole a 
that place, were truly meaſured by the ſubduplicate 
fatiot of thoſe heights, as they would be if the wa- 
ter deſcended e e reſiſtance, they 
would be nearly equal, being as the numbers 69 
and 70. And therefore, the velocity of the water 
in the hole is leſs than it would be if it was propor- 


tional to / IG, in the ratio of 1 to 2. This di-. 


minution of velocity can be owing to nothing but 
the lateral motion of the deſcending water, retard- 
ing its perpendicular motion downwards, and mak- 
ing it leſs than it otherwiſe would be, in the ſaid 
ratio of 1 to / 2. Hence, the velocity with which 
the water flows through the hole is very nearly 
equal to the velocity which a body, by falling 
freely and without reſiſtance from a ſtate of reſt at 
I, would acquire in deſcending through + 18. For 
the velocity acquired in falling through 2 IG, is to 
the velocity acquired in falling through IG, as 
According to Sir Isa Ac NewrTon, a body fall- 
ing in vacuo from a ſmall height above the ſurface 


of the earth, will deſcribe 494% inches, or 167 feet 


in one ſecond minute of time, and will have acquir- 
ed a velocity at the end of the fall, which being 
continued uniform, would carry it through twice 
that ſpace, that is, 3867 inches or 324 feet, in an 
equal time. But uniform velocities are as the 
ſpaces deſcribed by them in the ſame time, and the 
velocities acquired by a body falling in vacuo — 
2 tne 


| 
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AA „ 41140. ghz SIR 
the ſpaces” 16, and G1 of == are in the 


ſubduplicate, aſs, - thoſe ſpaces FY and therefore 


325. Wb: ty 12 e = As RY 3 


1 


AH 
e feet, = — 1 — 1 in 
lefſening theſe meaſures of the velocity To" the water 
flowing through the hole, the ratio of 1 to / 2, that is, 


dividing each by 1. 474, we ſhall have V=z 5. 6773 3¹ 96 


A 2H 

1 feet, 68.158352 „ N inches. 
Theſe are the true meaſures of the velocity of the 
water in its paſſage through the hole; which ve- 
locity is therefore — as carries it at the rate 


of 5.5773 196 N. e feet, or 68. 1278352 


72 * inches, in a ſecond minute of time. 
Theſe expreſſions may be ſhortened, if A be con- 
AH 


fiderably 1 than a, for in all . caſes — 


will be ſo nearly equal to H, that —— = may be 


ſafely rejected; and then the A e of 


the velocity will become 5. 6773196 / H feet, or | 
68.1278352 /H inches. To e the truth of this 


by an 5 let A be 100 ſquare inches, and 


AH 100001 | 
a 1 ſquare inch, and then * il be 3 


if H be four feet or 48 inches, - — will be 


48.0048 inches, which is only greater than 48 by 


48 parts of an inch divided into 10000; - The ex- 
ceſs is ſo ſmall,” that it may be ſafely rejected. 
Another true meaſure of the velocity of the water 
flowing through the hole, will be had by dividing 


te quantity of water diſcharged, by the area of the 
| ths 


. 


* 
Pay 


it 
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hole and time of e taken together; the 
quantity of water diſcharge 1 being expreſſed in cu- 
bick inches, the area of the hole in ſquare inches 
or parts, of à ſquare inch, and the time of the diſ- 
charge in ſeconds. Let Q denote the quantity diſ- 
charged, d the diameter of the hole, and t the 
time of the diſcharge, and then V will be meaſured 
e een wee which vin be the 
ſpace deſcribed in one ſecond of time. | 
This meaſure is equal to the former, that is, 
25H "Gan 68.127835 Hy and conſe. 
quently, Q = 53.5974764d?t / H cubick inches; 
or 13555. 227d⁊t H grains; becauſe a cubick 
inch of water weighs 253 grains. If W denote 
the weight of water diſcharged, then will W = 
13555. 3adzt /H grains. : | 
In order to know, whether the velocities of wa- 
ter flowing through circular holes of different dia- 
meters, when placed at the ſame perpendicular dif. 
tance from the ſurface of the water, be all equal; 
what relation the velocity of water flowing through 
a hole, bears to the velocity of water flowing through. 
an horizontal pipe of an equal diameter, inſerted, 
into the ſide of a veſſel at an equal perpendicular 
diſtance from the ſurface of the water; and under 
what circumſtances the meaſure of the velocity laid 
down in my Animal Economy obtains; I ſay, in or- 
der to know theſe things, I cauſed a proper appara- 
tus to be made, and from the experiments made with 
it, I compoſed the following Tables 1 25 


4 


TABLE 


| The feſt Table contains; in {ths firſt n un- 
der t, the time of the diſcharge in ſeconds ; in the ſe- 
cond column, under H, the perpendicylar heights of 
the water above the hole in London feet; in the third 
the diameters of the hole in parts of an inch; in rh 
fourth, under W, the weights of water in 


which ought to have been 1 by the the ++ 
or foregoing rule ; in the fifth, under-w, the weights 


of water in grains which were diſcharged by expe- 
riment, each weight being a mean taken from five 
or ſix 3 z and in the fixth column, un- 


—- the ratio of the weight diſcharged by ex- 
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The ſecond Table conſiſts of three parts, and 
each part of three columns.” The firſt colunin'of 
each part contains the diameter of the pipe in parts 


of an inch; the ſecond contains the lengths of the 


pipe in the terms: of the diameter, beginning with 
the hole, e be conſidered as a pipe of an 
infinitely ſmall length e- | 

column contains the weight in grains diſcharged in 
ten feconds, each weight being a mean taken from 
particular experiments. The holes and pipes were 


all at the perpendicular diſtance of four feet from 


the ſurface of the water, ſo that here t was 10 ſe- 


conds, and H four feet., _ 
TABLE III. : } 
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The third and Garth Tables conſi each of two 
rts correſponding to different perpendicular heights 
bf the water in the veſſel, and Higerer 

the pipes. In both Tables, H denotes the perpen- 


dicular height of the water in the veſſel above 
the pipe in feet; I the length of the pipe in inches; 
W the weight in grains which ought to be diſcharg- 
ed by the firſt Propgſition of my Animal Economy; w | 
the weight in grains which was diſcharged by expe- 


2 


 riment; and y the ratio of the welght diſcharged 


by experiment to the weight which ought to have 
been diſcharged by that Propoſition. The diameter 
of all the pipes in the third Table was s of an 
inch, and of all the pipes in the fourth Table 5: 


rent diameters of 


of 
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of an inch. And the time of the diſ 10 
ſeconds 1 in all 1 eriments of both Tables. 

The quantit weight of water which ought to 
be iſturged y the firſt Fepg 70n of the 


|Occortomy,” may de | thus | found; I there p 
that 25 reloe of water flowing through A p ) 


Fo VS. But if the force which can generdte the 


motion of water flowing through a pipe lying 

rallel to the horizon, be equal to the force w ih 
can generate: the motion of water flowing through 
a hole of an equal diameter with the pipe, when 
placed at an equal perpendicular diſtance from the 
ſurface of the water; F, by Cor. 11, of this Problem, 
will be as ad H, on ſuppoſition that the area of the 


hole is extremely ſmall in compariſon of the area 


of the ſurface of the water. And therefore the ve- 
locity of water flowing . a pipe lying parallel 


to the horizon, is as The weight of water 
diſcharged, is as the — & the. pipe, the time 
of the diſcharge, 2 velocity, taken together; 

that is, as d- WT And therefore, ke is as 


d;. halt 11 5 + g 4 » 45 l * | . 977 
A pipe of Ae of an inch in diameter, aig I inch 


in length, diſcharged 2180 grains of water in 10 
ſeconds, when it was inſerted into the fide of the 


veſſel at the perpendicular diſtance of two feet fram 


| the ſurface. In this caſe Ae d, t, N, 1, were 


"9-1, 10, 2, 1; and Pre was. equal to 0.06328. 
Hence we may find W in on caſes b this ana- 


180 : 9.06 2 | 4 ; whence 
Pi 2 2 51 | UT 5 ese e 
O's 4 AN "2595s IS ik TY 
My 
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¶ the: Motion of Water 
In die firſt art“ be ane third Table, ww is, 


Rf qe \þ #4 ws 5 $8 7 5B l 


1 V4 a 


and irt che firft part of the fourth Table, N 32. 


and W in the ſecond, part, of each IDES, s one halt 
01 1 in LL & Aid PATE: N CC 


Ak Os Ne on-the TAB. 


aki E By tlie fir tC Miche der þ Þy Kk. 
Smt are nen 2 to the ch ares 
-by che Heoty, kat is, W is nearty proportion to 


e ee e 5 
0 or W 18. nearly, the fame, whatever be the dia- 


ee the hole. Provided the time of the diſ⸗- 
Fans and cthe perpendicular height of the water 
in the veſſel abovefthe hole, be given- The dif- 


- Thane by experiment were all ſomething larger, 


than the diſchargesiſby the theoryg which might de 

artly owing to the pouring in of the water at the 
105 of the veſſel; in TIN to keep the veſſel con- 
nagel full during the time of the: diſcharge; for 
the pauring, tho” it was done gently, might a little 
increaſe the velocity wherewith the water ran out of 


the hole. 


Ons. II. By the ſecond Table, the weight of 
water diſcharged, and, conſequently the velocity, in- 
creaſes. from the hole till the length of the the be- 


So pf to abe twice its . that is, 


I 


ties wore their K eee holes, are as the num- 
bers 1130, 1258 to 7 | 
Ons. III. From the length of. twice the diame- 
ter, that is, from the length 2d, the velocity: leſſens 
continually on increafing the length of the pipe, and 
becomes equal to the velocity through the hole 
when the length of the pipe becomes equal to about 
22.36 57% inches. For, by the ſecond Table, 
* 


trug h Ovifiees' n pipes. 


the velotiticy df the water flowing” through the 
pipes, wbre early equal töl the velocities: through 
their reſpectidè ble, when che Tetigths of the pipes” 
were rod, 19d and 23d, that 172 inches, 6. inches, 
and rs. 4 inches; But 2,04, Land 16. 4, are l 


. 


aud rend this 9 9 or the a Bow 
through the dipeg, wer | nearly equal tothe £4 
ties through their reſpectibe holes, when the lengths 
of the pipes” wen the TefquipBere rü Gfirheir 
diameters? - The diamererrof dhe fmaMeſt "pipe zes 
ing z of an inch, dd is o. Steg; and f q be of 
any Kiter magn rude, {gc Jengtk Uf la pine 
of chat hrs ah whicte the Water ie 
with a ve locity e by 1 ts thr with Which it flows 
through its corre pend ing hole, we haf Raveschiz 
proportion; 48% 4. 9 5B9g! en Ede 
whence l 22865 57d \ 31: [37401 Noir OLE RV? 
OF 44 By the t rü and v0 prä Fables the 
quantity of water diſcharged b expkrittient in pr6-' 
portion to the quantity which 'ofight to hat beetr 


diſcharged. hy ahe theory, than is,q* incregſes, gra- 
dually:tillthe: pipe .comegs=#ro be df a" certain ten eng 3 
ng 


and aſter thar it decreafes? 9 om iner 


then zo ithe In the two pats of che 
thing? ab on N e when 2 age 


of tlie pipes Ilir inches Jae bout*'zo. and? 3, ald it 
was greateſt inothectwo parts of the fougth Lalla; 
when t. the : lengths of the pipes were 8.1, an 355 Jo 
from the eourſe af: the dumb .expreſhng Ec 


the febönd part of the farth* "Table, TP vii is 
tug woultthave:been greater in a e 40 inches 


th, than. in ky Oe I. rid and therp- 
\{hall; fuppols SA "Ni, Fenn gzeateſt 
2 5 5 len dufte an Co nicquent 5 Put- 
ting x.for ITY of the "pipe in inches, at which | 
this 


3 


Ns —Ü—ͤU—ñꝓ A ate 
* 
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| f | 
3 bh NN 11 : | <0 
this ratio is greateſt, x will be as VH when d is 


be found by this analogy; as 20 is to o. 01414, ſo. 
is & tod“ /H; whence x is equal to 1414d. /f. 
To ſee whether this rule be univerſal, and obtain in 
pipes of greater diameters, and at greater diſtances 
from the ſurface of the water, I ſhall. ſuppoſe, d 
and H to be 0,5 and 3, as in our Author's Table 
pe aa, and then 1414d. /H will be about 6 
inches or 50 feet, which length is twice as great as 
it was in reality; for the ratio was a. maximum by 
that; Table, when the length of the pipe was 25 
fest; ſo that the value of x here determined 
ſeems to obtain only in pipes of ſmall diame- 
10558. V. By the third and fourth Tables, the 
quantity diſcharged. experiment in proportion 
to the quantity which ought to have been diſ- 


charged by tlie theory,” that is y does not differ 


much in pipes whoſe lengths are within certain 


Umits. W in the pipes, whoſe lengths were 6 
and 3a in the firſt part of the third Table, is leſs 
than in the pipe where this ratio is a marimum, in 
the proportions of 100 10 112 and 110, and the 
difference of J) and the weren 1 RI leg . 
pipe of all other lengths between 6 and 32; ſo that 

this part of the Table, 6 and 32 are the limits, 


dt, and within which'there is a fear agreement be- 


586 tween 


tro; Office and Pipe 


tween theory and. experiment. 1 2W in WFP = [: 
whoſe lengths ate 4 and 16 in the ſecond part bf. tis 
Table, is leſs than in the pipe where this ratio isa 
maximum, in the proportion of about Kg to 169 
and 108, and it is ſtill leis in 1 AlL other 


lengths within theſe limits. And. = in the pipes ipes 
whoſe lengths are ꝙ and 64 in the ſecond part ot the: 


fourth Table, for the pipes were not carried to 
ſuch lengths as were neceffary to ſetile the limits in 
the firſt part, is leſs than the maximum in the pro- 


portion of 0 to 118 and 120; and it is till leſs 
in pipes of all other lengths within theſe limits. 
Ons. VI. By the third and fourth Tables, the 


quantity of water diſcharged by experiment always 
exceeds the quantity which — to be diſcharged 


by the theory; it was near double within the limits 


of the firſt part of the third Table and ſecond part of 


the fourth, and greater in the ſecond part of the third 


Table in the proportion of 5713 to 3858. H we ſup⸗ 


poſe it to be double within the limits, in pipes of all 
5 then will w be equal to 2 W, or to 97492. õdꝰt 


A grains, W being equal to Fg”: 0 NT 
grains, f as was. ſhewn . 170 0 nnn 
0 466 Toei of Optick Glaſſes... 


1 WJ. u If the diſtance of an object from a double 
convex lens whoſe ſurfaces are Jpherical; if the radii of 
both the ſpherical ſurfaces, the thickneſs of the lens, and 
the ſines of intidence'and refraction, be all ghuen ;: thence 
to determine the diftance behind the lens of he principal 
focus or cancous ſe f the rays iſſuing fromthe olbect and 

ling perpendicularly,. ar very nearly ſo, an that ure 
155 ee the lens which i turned bee ih objett. 


>} 12 1 


ales MN. * 4 Fi E mids the denden of i its 


ſpherical ſurfaces:MCMN and'M DN, Q an object 
mrs 


x $i 


PL. 17. 
Fig. 5. 


placed directly before the /ens, Qq a line drawn 
ftom the object perpendicular to the ſurfaces of the 
lens, and conſequently paſſing through the centers 
e and E; let the point A be indefinitely near to C, 
in which caſe QA and Q may be looked upon as 
equal; let q be the focus or concourſe of the rays 
. and Q after the firſt refraction; by the ſurface 
MCN, and z their focus or concourſe after the ſe- 
cond refraction by the ſurface MDN. Put D for 
= the diſtance of the object from the lens, r for 
the radius CE, „for the radius eD, x for Dq, the 
diſtance of the focus behind the lens, after the firſt 
refraction, and z for Dz its diſtance behind the 
lens after the ſecond refraction; and laſtly, let I and 
R denote the ſines of incidence and refraction of the 
rays paſſing out of air or any other medium into the 
firſt ſurface MCN, and conſequently R and Ithe 
ſines of incidence and refraction in their paſſage out 
of the ſecond ſurface MDN into air or that other 
medium. ä 1 —— 

10 determine z, we muſt firſt determine the 
meaſure of x in known terms, to do which draw 
AF perpendicular to Qq, EI perpendicular to 
QAIT the incident ray produced, and ER perpen- 
dicular to the refracted ray Aq; and then, from the 
ſimilarity of the two triangles QAF and QIE, and 
alſo of the triangles qAF. and qER, and from QA 
being equal to QC, and qA equal to qC, we ſhall 
have AF equal to EXT, or, in ſymbols, to I» 
by the'two firſt triangles, and by the two laſt tri- 
angles, equal to EE, or, in ſymbols, to =. 


Conſequently, Der is equal to — and x 
3 Dt 15 
DI- DR-- Rr 8 Th | 
Having found the meaſure of x or Cq in known 
terms, 2z or Dz may be thus determined. For that 
ah meaſure, 


clue, mat fer Dr Bft Hr put 4. £6.22 


and qa produced draw the perpendiculars al and — 
and draw am perpendicular to . And then, 
qa 


from the ſimilarity of the triangles 
alſo of the triangles zam and ale, and from qa 
equal to q D, and za equal to 2D N will de equal 


to * from the ft diaügle and equal to 


—.— from the ſecond. .. | ek is the nine f inci- 
es of the ray Aa falling: on the ſecond ſurface 
MDN, and el the fine of its refraction; 5 K. que 
_ eR will be I, and el, will be R. 1 f 

o qe — CD = A — £5: putting t f Ay ron 
thickneſs of the lens; and qe is equal to 0 +eC 
2 9 = eD— CD A+? EF confequently 


* A EM and from this equation, A 


2 
ns eg | WP... . 
| ez, Wet Rig 3 IW. 
And therefore D PRI 


By clearing z in this equation, we tal bave z = 
| DIRr e+RRrg Xo DRRgt—DIRet- 

Dil, F 2DIRt-- i- Bie -F RR PII BUR 

To give this equation a more ſimple form, di- 

vide both numerator and denominator by I-R; 


and then the numerator will become. 1 X. Dre 


. Rret—DRet, or by putting B inſtead of 


1— — BIDre + BRret - _ DRet, and the denomi- 


nator will become; IDr + IDe — IDt + RDt + 
Rrt—Blry; and the equation will be reduced to 
another form, and ſtand thus; e 
28 BIDrę X BRret—DRet_. | 

CORY Dr +1 2 —IDt | 


and Re, and 
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This is Dr. HaLLey's: univerſal. <Theorem for 
finding the principal forue ofirays falling. diverging 


an à double onuex tens; Publiſted in the Pbugſpbi. 


cal Trauſacrionr. 11975 ika 10 bo felgen af 21811 
If the:rays inſtead of falling diverging, fall pa- 
rallel on a double convex Jens, as they will nearly 
do, when the object is at an immenſe diſtance from 
the lens, D in this caſe may be. e as infi- 
nite ; and conſequently, all the terms in which 
is not found, may. be brown gut of the equation, 


Tt » — : | 
F FH. Anq haſt 80 if the rays fall cometh « on a double 


conven len, the ſigns of all the terms in which D 
is found muſt be changed; for when the rays fall 
converging, the point 8 the len, to which. 
they tend at their incidence, muſt be conſidered as 
the place of the obj ect, which, from its being dif- 


ee ſituated with reſpect to the ent from what 


it is when the rays fall diverging, requires the ſigns 

of all the terms in which D is Wund to be pra or] | 

which at done, we ſhall have 

2 a Rer + BRret—BIDre vt | | 
IDt—IDr—ID—RDt + Rrt—Blirg, 

Theſe are the three general % Wee for andin 
che principal focus of rays falling, diverging, a 
le}, or converging on a double convex len. 

If the lem be made of glaſs, as lenſes uſually are, 
and the object be placed in air, then, ſince the fine 
of incidence of a ray paſſing out of air into glaſs, 
is to the fine of refraction, as 3 to 2, I, R and B 
will be 3, a, and 2; and the 2 N. ing general 
Theorems for finding the foci of rays falling diverg- 

ing, parallel, and converging on a double convex: 


6Dre- ret—2Dret 
gla ls, will be = oY 3Dr 3 * 3 | gl n * AP 
6 r1ę— 28 t „and 5 


f * * at 
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= 70) 7529404 aDptiobsarot++ Dr Tr „ 
2 7 * r r 1 
2 Bt = zr 35% It rt 256 iq S YAOpa 


And if the radii be equal, and the thickneſs, of the . 
glaſs be neglected, or conſidered as o, then will 


: * 3 Ben . . | 
theſe T heor emy ſtand thus, 2 = TY and 


re a 
+8 *%Y 3 5 * 2 1344 Y 4 ay * 
1 2 1 f #4 F —— 


Ns — Dr $.. 4\. | 


* * 


If the lent be a double concave glaſt, the radii of 


eee eee 
Theorems, 2 is always negative when the rays fall up- 
on the double concave, diverging, or parallel, and 
when they fall converging it is negatiye when D is 
greater than r. When 2 is negative, the focus falls 
on the ſame fide of the glaſs, with the, obje&t, con- 
trary to what it docs in all caſes of a double convex 
lens, excepting that of diverging. rays, when the diſ- 
tance of the object is leſs than the 8c ar, P is 
leſs than r. For in that caſe, z, which is equal 


TIF will be negative. Tur & £9 DULL 


——— 


is equal to. 
By this Problem we may determine bos far a ta- 
diating point mult be diſtant from the eye, to have 
the principal focus of the rays iſſuing from it placed 
in the retina, on ſuppoſition that the coats and. hu- 
mours of the eye are unchangeable as to their fi- 
gures, magnitudes, and denſities. Gs Cal 

Let ABGz repreſenta human eye, in which ABG pl. 1. 
is the cornea, Aue NG the cavity containing the Fig. 6. 
aqueous humour, MCN D the cryſtalline 2 

ans OR Emer doom 


5 a 


402 


Of the Foci Optick Glaſſes. 


# Þ SF?! 


1 1 223 Ein 1 * Ft of RIS? : yd BELL ToE {4 BY 
and AMDNGz the cavity containing the vitreous 
humour. 7 Accor Ing to Do cor JURIN, the ＋ adit 


of the ſpherical ſurfaces. of the cornea. and of the 


cryſtalline humour, that is, of the ſpherical ſur- 


faces ABG, MCN, and MDN, are in foth parts 
of an inch, 3.3294, 3.3081, and 3. 50 56; and the 
diſtance of the cornea from the anterior part of the 
cryſtalline, the thickneſs of the eryſtalline, the diſ- 
tance of the poſterior part of the cryſtalline from 
the retina, and the diſtance of the cornea from the 
retina, are in the ſame parts of an inch, 1.0358, 
1.8 52 5, 6.2617 and 9.15. Let Q be the radiating 
point, q the principal forus'of the rays by the firſt 
refraction of the aqueous humour, by virtue of 
which refraction they fall converging on the cryſtal- 
line, and let z be their focus after their refractions 
by the cryſtalline and vitreous humours. By taking 
the © eciick gravities of the humours .of the eye, 
J have found that the ſpecifick gravities of the aque- 
ous and vitreous humours are very nearly equal, 
and each much rhe ſame with. that of water; and 
that the, ſpecifick gravity. of the cryſtalline is great- 
er than the ſpecifick gravity of water, in the pro- 
portion of about 11 to f. For the mean ſpecifick 
gravities of five cryſtalline humours of oxen's eyes, 


and of three cryſtalline humours of ſheeps eyes, were 


11134 and 11033, the ſpecifick gravity of water 
being 10000, and the mean of theſe two means, is 
11083, which 1 ſhall ſuppoſe to be the ſpecifick 
gravity of the cryſtalline humour af. a human eye. 
But the refraQive power ok the cryſtalline is very 
nearly. proportional to its denfity, and the fine of 
incidence of rays paſſing out of the aqueous humour 
into the cryſtalline, is to the ſine of refraction, very 
nearly as 21,t9. 20, as I ſhall ſhew in the $chaium. 
And conſequently, I will be a1, and R will be 26. 
Vrom theſe meaſures I now. proceed to determine 
the diltance of a radiating point from the cornea, 
that is, the diſtance of from B, ſo as that the 


focus 
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focus of the rays; iſſuing ftom it and falling diverg- 

ing on the cornea, may by the refractiyę powers of 
the aquegus, cryſtalline, and vitreous humgurs, be 
placed in the retina at 2. Y the refraction of. the 
aqueous humour, the rays fall on the cryſtalline 
with ſuch a degree of convergence as Goal make 
them unite at q. In the univerſal Theorems there- 
fore for finding the pringipal Focus of rays falling 
converging on a double convex lens, Cꝗ is D, D 
equal to 6.2617 is z, the radius of MON is r, the 
radius of MDN is e, CD the thickneſs of the-eryl- 
talline is t, and I and R are 21 and 40. And 


clearing D in that Theorem, we ſhall have D = 


| Blr 2 ＋BRrt—Rrtz : | 
IE H re Nee ene 5 gs 
And Cq BC = 11. 346 B. 

In the Theorem for finding x, By is &, QB is D, 
Is 4, R 3, the fine of incidence of rays paſ- 
ſing out of air into water or into the aqueous hu- 
mour being to the ſine of refraction, as 4 to 3, and 


the radius of the cornea is 3.3294 loth parts of an 


inch; conſequently,' D is 57.48, that 'is, 'about 
5 inches and 3 quarters. So that ſuppoſing the eye 
to be unchangeable, a radiating point placed at the 
diſtance of 54 inches from it, will have its image 
placed in the retina. H 
ä SC HOL TUM: - 7 110 
Let AB. repreſent the refracting plane ſurface 
< of any body, and IC a ray incident obliquely on 
ee the body at C, ſo that the angle ACE may be 
e infinitely little, and let CR be deer ray. 
From a given point B perpendicular to the re- 
s fraQting ſurface erect BR, meeting the refracted 
e ray CR in R, and if CR repreſent the niotion of the 
© refracted ray, and this motion be diltinguithed in- 
“ to two motions CB and BR, whereof CB is parallel 
« to the refracting plane, and BR perpendicular to 
* it: CB ſhall tepreſent the motion of the incident 
: | e ray, 


— . ,,. , ,,, 


| 
: 
| 
| 
| 
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4 ray, and BR the motion generated by the refrac. | 
« tion.” mower. Opt. 5 i ©. p. 2454 246. CBRis 


equal to the angle of incidence, and CRB is equal to 
4 angle of . conſequently, if R be made 
the 8 and a circle be ſuppoſed to be drawn with 
the radius CR, CR will be the ſine of the angle of 
incidence, and CB the ſine of the _ of refracti. 
on; and, 1 and R for thoſe fines, we ſhall 
have this 1 7 Fg: Op 0 : CR 1 Hence 
1*.-R* 2 2 2 
R* = „ tbe T N _ 7 CB · But the | 
motion of the ray at its nde repreſented by 
CB, is given; and therefore, 5 = — 1 is as BR.. 


But by the aforeſaid propolition” BR* expreſſes the 
refractive force, and is nearly as the denſity of the 
body; as Sir I. NzwToN found, by computing BR“ 
from the ſines I and R in ſeveral bodies, and then 
comparing it with their reſpective denſities. . And 
conſequently, putting D uy the denſity of the 


body, fr — 1 is as D, and - K 28 4/D+t, In paſ- 


ſing out of air into water IP +, and the denſity 


of water being 10000, / D+1 is 10004: And in 
paſſing out of air into the cryſtalline, whoſe denſity 


is to that of water as 11083 to 10000, DI is 
10528. 2 gr in paſſing out of air into By 


cryſtalline K Will be 42; * 1004 10528: 
r very. nearly. = in paſſing out of the 


aqueous humour into the cryſtalline, will be com- 
pounded of the ratio ⁊ and + by the ſecond 1 


rem of the Opticks, p. 113; and therefore N 1 will 
be equal to 20; or I will be to R, as 21 to 20. 
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